^ aSk ai) 

AajbLajill oJUuiiVI Ax l u.-a (Ja-a Calxl. u--all AalLj jlstll j iaaill AaLliu (jjji^VI Ajiijl! 

t5—k aatj A jjluu£jjiill Calcl'u.-all jl AaaJ j-uu.NI AaiiA*all Calxl u--> II jl 

1 A,»,iu.aH j!j^ill (> gjx (_£jauJ _9 (jCaj^H (jbb O ' 0 J-bl ^1 J-s."ual 

J— ^-1 jAa j*a (jA jj j aI jail aAA j£jal Aacl u--all C iljlaxll A.-uaTij 

A _aaaolall (Jail-Lall jjslja .Axlii-aJI aAA j£jaa Aaaailall Ajtaiial! Aljall 

L-luijjX ojlj^ll A^.jAj J-aa, .>all A.-ujTij tjjAajVI jlala ja ^ jVuaall J-aVllI ^-ladil-ll 

_i. iaiill (Jj-a3 Aaxjl j (■_ inlNU Aali.lAll jljAaJI ^glc (Jl^jVI j A. jL.-all aI jail 

^la au ^gj] l^Jjj^aj (_ja! CalijjVI Aallilaujl jAaiii. ^gJI (jAja (JjljaJI (_Ja^3 (_J^.lja 

Calajjjflll jl Cab jjj£ 1I filial jjj£j ^Jl (jAja toAjAc filial lillAj j^Laaa jAaj^l 
. jAajSlI ^tixia (jj3 CalAaall j (—lalaV! ^gi t_ajaljj AaaA ^Jc. ^Sljaj tAaSjall 

(j_aj j t^c_Call (Ja _aa Ig.ia 4 (JaljX aAaa Aa^ljlall L_Ualj^)]| AaaS jjlaaa j lAA 

t^.lajull j^gJI jAajaJI ja 0 aiall jl jjaljall alall (Jja^aj 

Ajt _ball Alj_all oAA . (NORM) lja.jJ-a A.a.ball aI jail aAA ^aaaJ Aaaall Cajlaj 

(J a.1 ja (_£}!_i. j £jjj j Aajallj j (jAajVI jlala ^ Aaaaalall 

. jINI ua j.A-a'i Aaa oLaiall AaiL-ajj Aal u--allt^laNI 

A_jlauj Ail_d (JaX u_Sjjia ^gi (_J-aa«a (^^jll Calc-lLaall (_J-A^I jUtll j Jaiill Ax.lu.-a 

(jl_al jjj! _*-a JaU-vll £as ^laiVI ^ Aallc. aaliS ^gll (J_jll A. )S)S-t CalaA^a 

(ja Aaaallj (jl^.all AaLaasJj ^,'ig.all ^gX-Utjai^l (jaa^)*all a^)3-auall jja Aallc. 

^UualiU l^a3 (j^jLalatll (jaa^)3«aj la.di^M ^)iaLi-a 


^3 <__lujjdJ ^1 ^gall tA.a.ball ^)llJ-a')ll aAA (_^La Ldajl 3-aS'lll (jal^all ^caiall aLall (Ja~>.j 

A_lall ^gi alaall oAA jjli Ia^Jj AaLaa l_!ju!jj AaaA LS lc- Calal j^JI j uaajlaVI 

.Aajall Ca jL A.J-aj-vall 


0 





















^ (NORM) jlillj -kail! Adiialt JjJIj 2uji]l AaUall aJjAII aJIS jll ddAl 

-kiill Ac-l U--a Al j-all aAA £-a (Jalajll AiaVI Jj^lall Alaul (jAa^)*J ay dVI dl j'uall 
jj-adjj . dlA*-all qm dljjlall aAA aJIJ)! Jj^laj AjAaJiHj jlillj 

<Jj_i-aall AjSjj AjI jjjtjj Aic. l ‘Ua^llj (jjJ^all ^LdNI dLuaLaul 

a A —aj*-all Jjj —lall A — dalla lillA^j (NORM) l j».j iJ-a Ajtdall Aljall ^ic. j^JA 
jj_a A _ jlij (JL^.jVI J AjjLall j A. iL.-aH l)».) ik Ajtdall Al^jall jja (j^alaul] liallc- 


. j -kaill aLoU-a AjdaJj ^-IxdVI 
^gj|.\vall ^^^laC- (JD^ (jjJtll Aj ^jA-« (JjaIII gX.ja-N J! ^j£Lui ^Aal ^g3 

(j_a Ajliijll ^ua3 ^3 ^jliLaJ) Aj^aldj ^jiaS A]jA (*■.? dal jail aAA £a 

j^A _ llj ya, _i.1 j A _jAll/ A jxnkll dlxa^-all j Ainll ^IcNI (jj.il>all l*dVI 

. j_la3 ^A ^laC. (JDId _J;dJI ftAg.>l (_£^)jajAll Aava ^luia £j|^)ll iS ^(jldVI 

A _ 111 y _aj £_Aal jJ-all Aujj*JI A-uflall AlAal ^A da3 j A3 (jj£l (jl t _ s -i<ajl 

•Jjjaj-J' 


1 



|»UI>£l j u <j-dl <yyJll 4»£jJ| Jt 

£4A14*all£ j*all «>$J Jl ^l>J| t>Oa$ j dhiJii ^jJI jW2l J 

♦♦ ♦♦ M «* M M 

)L** gnaLdl 


v 



j$ai 


♦♦ ♦♦ H 



- 1 

Ij)'sU-al C,n~v a.iL3l dljjfLa ^3 ddlitl AxaLtll jldl 4jLu3lil (jlS 

1 gds ^k id j & La lg„ajjdl ^j^S-aJ V *3-31 j_j-a Ida ajjau-dl AaJaSlI 

l" u% 4 adx-a 4_UJ ajill 3-dajjj . ( l3?d ^ (^Lll (_£I AtOlU *S& ) f--» 


dll_j jJ j^)3l <j_« 4_ilj-all j IJ_a. 43L3I 4ilafill dll j al^jill ajill 3^d“ LS^ 'd 

4_£jli -ic-^uU dljjjj£lVI IgJj^. JjCjj 4uaaj-a 4d_ui al^jill (J-adj 4 dljj3dll J 

.a!_jill £-a AjjlLa 33_9^ 4,3)3A ^gAj 4-31^31 CllWCill dljj3l31L/l ad 3- c|JV 'J 

3 I aj_3d j3Ll _ 31 (3^9 (_)Ji-aLiJI 33 *^ tA < “ - *jdjsll ^dajl 

jiajaijl ^))g,Ciill d ^uLall dlLi. 4 4j3>"i11 aIjIs jjc. 4_iljl dLajjot^. 3 ^ 3_9^3 *3-31 

^Ij_a. A*jj ..3 j^Ui_j|jp]LjblLeUll ^gA a.l3?-l £Jjl 3* *3-31 3 I 3®lj 

a j_£a J_jl j 4 *3_31 4_d ^gi jdaijl 4aadg,^a } 3_?^J djj.3jsll ^15 Y * * * 

Ida ajjj,j-o dLaouti. 3 ^ 3j^^ dl3L3l 3 ^ cJ^^J j3L3l ^Ijj 3 ] ddj 4 (_)3aJ^)3_jAJJl 

3d. dll L. Ua~a 3-jjJj (JSj dlc-l^)3 lg.n i .la.jJ 4 
4 j ajjj,j..o tdi dl^)£ ajlac. IgjL a j3l 3 I 3jalb 3j2k ^ J) *.0 1 ^3 A * A ^*lc. (^9^ 

^gi ^bjli t_jjdj c ,nnl ^J 4 . ^Ic. 1 * * *.i3 «.Lal3l 3 -a jjd 4islj-s ajdal daHi 

<■-luuj 4 * jill j_gi 4ddll dlLoi ddjjbJi-N i3liA 3^4 

3j_Sj 3 I <-. 1>J9 <rdill A3 Uji aLuj^.1 _jlj 4dlijjj£WI-J 4aj LajS ddjtjivll ad 

Qjj^A JJ ^1L3I ^da jl ^ ) » ^Ic. ^g3 4. aj3l 3^L«JJ ^_gS 4_i^._j-a dLaOuti. i3ljA 

d _ad 3 IJ 4 AJLau dLa-lma. Ig.lAl J d».l jJJ 4_ti. jm 4d3u 3 j^ J ‘^- a (* sji» uW 

Cnnl ^ 1911j»d 4jj3jij 4 JjLj 3 ^* l^9l^>dlV lilt dLaua-Nj dlj3l 

• »J—LIj3j Igil jdlV j J3\ j_53lj lilt Cl jLauu-sn l_ia 3I dljj <- idi 34 13-aC- 

















el^ill ejill ^^3 _j-a <rdill C ibajm's. lilliA (jl ^^Ic. JjJ La-a 

dljjjJ^lVI .1^.1jJJ Lain 4_l^.j-all AW/Iillj bj.111 4jjS 4 j 3 j£jjj LSj^J* ^ua> 

4 4 Ldj| (_Jjoi 3 ^ j_j-ai j)l Vj t el_jill j)C. e.’nx.t dliLaus ^Jx 

dljJ_II j^j-ajou jx^^-all ^ 4jAldaj 4 “^jUiu-a dlAa.j j)-a ^.^alixll dli^^- jjjfijj 

JJ^JJ el _jill (_j-a jjk.-a')».H ejj (jjfvu . l^jljj (-_s!ili^.lj ^>A*alixll L ll'j-s.'lj 

dliI (j-a 

:( Atoms ) ejdJI Y - ^ 

dkliijj till jill ^ad ^)j», x-r-all ( ^3 AjAldaj 4 4^jLujia dl.dj jjA ^)A-alixll jjjfd 

J^—C. el j—ill (Jel_jill (j-a ^j..^a'ixH ajj l^jl jj L_S^tli.lj ^-alixll 

<_£ji aj uti. (j c- ejliC. 4 ajill (jjli-S j*Al .AaJ jAj (jjjjfUVIj . dli jjjST^I (j-a 


31 


10 X ^ ^ I AatS j ^»^lj£ ^ * X ^ . “T, Ujl^la Auld AWjkU (_).a~k.j 

J el j_ill (J e.VixA dl^l-Xa ^3 _j£3 ‘ jyilj.jd U-3^^V^ P ^ax£ 

dujii (J_ja. d 13 _jll (_>a3i .ejill AiiUall dtajikUA A=wl (jAjd Lu^ji »jidall 

jjjj afUVI 33 2>-Jj 4 4,j>j.iSi j|3a!I j^glc- ^lill (jjjj^lyi j)ljj3 aldl eldlj 

.^Aaaixll AjjIj jjill j Adda 411 oal jiJll 

(jl j ejLall dlHS Adduflll (_)-al (Ja~vjj ajLall J* lg-ilj Bj3ll i— S^jatj 

. AdljAj^ll dldj-all J <dL)lj-3_>= k -ll 3l jj dl j3ll 3ldl 

(_g_3 .iVn^. (jl£ j ^ ^ I I ^alc. 3j_j3j3j ^Jlxll ^jJa j 333 ajill ^ jLai aJiC- dutjJaj 

J _ 33 i j)VI aJuLoi UjAja. dill jLa ^ill ej_jj-all (jjiLuil 4 jiaudLa Ax-aLi. 

jji_i-a (^3 jSjjJ ajill ^^3 A_l^.^-all dliadill j)Li .Vl'n-N IaI^)^.I L_jjLsd dliil 

al^ill (J4£.^)jaU ASjdd Adwaill AalLjill dlijjj^lVI i) J • -^J ts^ 

<J_uuuill Ax- ja-vaII AjLoU ejill jjl ^dajJ ^jj-aill I^A i Ig.'lA ajxS dliUjia ^^-Ic- 












jjA j c_j£I jSJI ^^a l^aa (JjSj j (jJi.oj.jjII ^gA ol jilla jj£j c - u\ 

• 

( 1 all CllLaJ oaa>j l_sAA II (jjjlij (. aj.Aa LaAic. ajill (jc- la*Ajai (Jjl jA j 

j^. (j-a (jjSjj ojaII jlj 0‘Vi‘ujili .(Jjllii^)]| j£ja diljtt uji->1I oAA i-_slj^j| lo^Lla 

iS j£ J- 0 

. „.j.a~j Aai_Jill Aull_ joi dlLaJ_uiaJI (ja A.a \k.\ JaLvl aljilL ^ajaj Aj^_Jail 

.(l-l)Jii cJlijj&lVI 



\ ; (jj.l.Ujil SjAll AjjSjAj ^Ajai (JjuoS Aalj 
jjAj LaAic. (jjJ&Vt V jl AaSajaLlflll A.; j.ji j 3 -aliita j jfrflll (jAajjij dulS Aa3 '. (J jLM 

. dulj ajill (JjjjlaJ al jill (ja iAIIa! AiUa £jJu 

l ** \ '\ 1 ^ J/\‘uha <— sola Al jJJ UaoJjAj (Jjlj j^iSlyi AiUa (jaaSLuj LaAic. I^gjloll 

• l ajl^ jA (joa».jjAj^JI ajA a 'ijla (jl t—ljLaJill 


ir 













^JjjalS 4du ^..da jl j Ij*il>'ll ^^3 AluiljJ alijl jAjJ ^Jjlalijl ^Jl*JI 

( ^ H \ V ) 4du jj i jiLJ j Ajjlal Jaal jj JjjSjjl j C* 1.1 Tt jiaiulila Jl ^jlaa 

^ lill AjLi ujlSlI jail jail jjaJ ^1j ijilj jaSla Jjtll ^Sll 4j jlai Jl j jj .VluJ 

£ j _ jsl .ej _ .uSIl ^lm>VI Jc. Ig.S Oai jVI (J^ J jj La Jill J t jLlS a jLa dilS 

j_lV jl.ia ja (Jaiiii laAic- j el jill (Jji. dulj dl jl-ia jj.ij jjjiSVI (jljji 

1_aS 4_iji VI_a ( JI ^-l*luVI Jjial ^3 ja"uni V 4ll LaSt ^l*lul jdiaJ jl £jd 

jjxa ^a, Jl £jd J t AiSuAISII Ajanjalisua j j^jll dd jisl 

A _alia lii_1 ■aJ (J jLaa J J jjjjf^VI (jl Jc. (j-ajj <_£ jlj jjJ ^jjaij liA ^j-ajuj 

JX_ ^1 jl-iall ijli ja jisj Ajla olia L. ujiSj la-lic. j (J jdoall ijlj »A1 \j 

j—C- J—*jVI ^—II <—IjiVI ja N <M, L, K, dlijjiSIVI till jlla ^-adi . Jc.1 

dlj-i_II ^>Ja»a ^j .. 1.iSA j ^lall jl-iall L j jjVI jl-iall K jl t" nt.eljill 

jjijl_Sll VlaaS eljill ja Ajijall tilljl-iall (Jaaj Ajjl-lall dlij jiSIVI jli ajq"uj.iall 

^ _ SI j . Ljt-3 _all (J 4jujI J K jl-iall ( J lag.ia jlijl tllli j jiSlI 4lui ja jjSjj 

elj_ill £a AiaJj AlUa Jl AjjLaa AiUaJ jg,> j jl t-iaj ejl-ia ja j j j!iSlV IJ jdii 

Jiii laAi&t^ jiuiall tdlil (binding energy) (jjjill -JJ 4iUa ^s-adi Jll j 

1 gjalia till ijJj3 t" mil 4jla Uajl (Jjdua jJI Alliall ^Jlc- (_g j"uj.ia ja jjjjSIVI 


dll_ijjiSIVI -i_^.1 t—ll_dSI Aic- tdli j .jjjljlall AiUa jAJ jjall jj Id 

jljla ja jjjjSlI (Jiilia Ic.jla 4jlSa ^Jjjj ajl^a ja ^1 jj Ajli 4iUa ajill Aala.1 jl 

Aj«_IjU dl_jjjj jSli jja-i AiUallj j jill j ^1 jail jjjiSIVI J^- 0 JJ Jc-I 

jjjiSlI JlaiiV A>1*11 Adailall AiUall jl jl . a jiaall 4 . ii ujjII AjtluVI j ^.aul Aaiuall 

A _stlalij dlijjiSIVI -i^.1 Jl jaH el jill ja 4ajjal! dLjj*u«all Jl Jc-I jl^a ja 

jjjdiSIVI J ( Auger Eeffect ) ,^5-> jl jjtu Ja*il aA ^al J ajl^a ja 

. a j ill dutlda jjj ja^ao liljj .(Auger Electron) ^ jl jjjiSlI Ls ^u 



al£*JI r _ i 

^A dlijxs __)jSI 4 jSj£ jjs.aa.a aUas. jt e jLt ^A el_jiSI 

(_£j_S^aSI $. jaJI el_jiSI jl (_^lt a^±& kc-^uU el_jill JJ-4 jja.a.^ fijaa-s ejl-t 

jot j_i jxs jjSjJ el jjll (jl ^lt l—jLdSI diiil A3 j t ejAll j-a _jAj_aaSlj ^aIT l^all 

; dLa Uj.i-s. 1I j-o 

_ui e (_£jl_d <ii.j-a Aisd J-aasj dl.aji.a-s ^gAj (P)dljjJj^JI —S 

^3\ * x y . i ^jld jjij^SI ^JjS. ojUiVlj _ uiSUoj jj jiSSyi 

el j_ill (J_ ^.Ia eA_j^. j-a ^gA j jjji^lyi <liS j-a e^a ^ AVI _j __)j£l 4-ajall eAAj t 

A _li._j-all 4. W nail el^jill L ; .Ua^~i ( jill ^^Aj •*!^jSla ^.xuajLa (JfLdj ^dlij jijjill j" 0 ) 

ejA_SI (J_st 2 kJ La-a el _jiSI ^ jld dlij jifLI3U AulLaall 4ddSI j3l£j A^a. j-all lg.~iWaaj 

AA_C- (_£jl_ ujJ dll_jjJj^>iSI -lie- jj% LaSlA tAjjsUiall ejiSI .UjLj^£ AjjUa-a 

dLalAd _ ul dil _ i jjj^jjISj .(_^jill aa*JI j^auuj Z ja^lla a! dljjji^SVI 

dlijjJjoill (Jta 4-ij^ill dLaOjotsJI (_jd*j dwj jl ^}a-alijtll /jAia, I ^ lidj l.g.i^a eAjAt 
.V — ^jj*j\ll (Jii-a AdiiJI ^)axali*JI jdj ja lg.lc.ljj (JSild ja 


dia djs . ^VY alt dij^Li ^JlxJI l^iLSaSI Neutrons (n)dbjjjj;u3l- Y 

eAjAa. dlajjats. lillj jt £cai3 t jji_jSjjSI (Jld jt 4dilill USI dlajaas.; ^joL^iiSI 

eA & .dl ijjijjiSlj lAlaaal c^ISaS j t AjadiSI <ljlljda ^^£3 4 (_|j 3 j^ 1 j^S 

4jj~vaa.al' dl^a l*a>SI (Jdi LaS e^LaSI £-a (Jtlijj ejajS At^ui dlj dlxijaa-s.il 

A _j^jil ( x-a l^a^Udj Ait l^jl dj2k . ^JjoiLui ^ 3 C . jjti jA liA jjtiSI 1-iA j^S J (B j Q 

^j ai dl_i^Kjoill eAA jSiSI jl (dlijjjjoi tdlijjjjj^ Jk 1 d IjaSI 

(_^_jil_iiSI jjl_lill 4aLa*J 4,jlxi»,ll eAA ^dij ilAjL-a-a (J3ld eALaSI ^3 jjtiSI dlAealj 

A _jit jijii Sils 4aiadi JaIxj jt ^cjli tdS-ij iS-^ 0 AS jjjijaill. ^^jAiLu ^)J*JI) 












4 tjjlnll oic. a- d A-a ua-s.^ £j^>aa l^LsUa Jaij V till jl ^ _jlj£ ^jslij a jj 

. Lujijj a j .a 1 AVI jljLaJ jjjjSJ^I a3j£ j-a jj£l tlAijaj^J! aJjS qa AjJjij 

ajJ_II jjj (jli cAljl. jjjj jAI <—-ijL^. Jl al _jill (—jjSjj jj jjjjjll lJa.j_J 

j)-a % « . « 0 Cjlijjj^iyi jjj ^ java jjLsJjj V C ,nv 4 LujSj IgLl jj <_gi jSjalu 

4_aliiflll aj_& (Jj_jj 4 Ij^. aJIc. AjjjJI ajlall AiSilS jj£j I jl 4 ajjll jjj (Java 

^j -0 al jill (jjSij cdljl .ajIvIjII ajjjJI (_£jill AlllgJI AlUall j^glc. ajjjJI sjUII aj11*ji 

,jj_ j Axjj_j ^gjll Aillall jl Loj .(.diljjKyilL) ^.aaal ( _ 5 iAI djljjjiiillj ciiljjjj jJI 

(_JS_joJI j^JI aljjll (Jj-aj lilljL AjvjLv a jj ja aj3 (j! j-a jjj^L i $jSl alj-ill dlLaJaav 

Ja_al I_ag.Jc- (j_Uaj3 _j_ ojS (JIL—LlI jlgjLajj i-lAauavlt ja jjC-jjll jjJA jVj 

+ djlij jjjjjll JJC.) ^Jj£jl J*JL (^g-aaaJ aljill djlijKjjjll JJC- j (dAjjKjjjll) 

(_£jJ II JJ sail I al. Aajjll (Jaflll aJvjj ^ 1'j^ll Jatll (JjjIAjj 4^ Cjlj jj jjJI JJC- 

(_^jj SI jj*JI j4 ciAjj jifULM jjc. ^jLaj (_^ jSI j al jill (ji dilijij jJI jjc. ^ jLuua 

|j|j 4 j^u,SS aLL^I (j-ajU-^Tvll JJvJj (jjjjll (JjJ^JI jaojxll JJiJ 

^cjli_4j*j (jl ^.O-TUa’i lijli Z (_£jjll JJjtSI j jy*-a jx^a'ic. al A ^ S'^SI J*JI llalc. 

Z (_£J^S! J-^41 n^jj. N=A-Z . la>g.*n; (jjall ^jLaj (N) dilijjJjajll JJc- 
jl-uull A^b. ^gi LjaSja A ^gJjiSI JJ*JI Lai (jLaVI J *jj Ja^uaJI j-a^>l jLaall 

j a^>] jy «jll A^s. ^gi NcljljjJjjjiSI JJC- <-_uSjj j4 t gic-VI J jx^a'la.SI j-a^_>S 

^»lj_a. jSj^SI JjSll AjjLuc-VI aJ^.^SI • ( ^ — ) ) (JSjoi .(JiaaVI j ja^» w.SI 

(J_j£]I aJ_ ^»JAj _uij <m a_jjSI dAj_A-a (JjS jjJaiil ^gi b^)\& aJ^._jSI aJA (j^Sj 

Ajj^-aSIj ^ 0^^SUaaSI 1 2 _ j_JJJ^SI ajj aL^ j-a S (_JjLaU (> yillj ^3IT1 U)AjjjSI 
I j_& ^g_1c- 10 x S . 11 * ° = (amu) jl Laic- .CjLjjJ^ll ALa J al jjll j-a 















.00783- (j jj—ujj-'j—uj— u— a <J£ 4-i^ o^LAM 

• JliillJc. 0.00055c 1.00866 


tgjUa ( x - 1 ) J&*i 


( 5 JIUI 3^SJI 








(Z)^jill W 5 ^ :(Isotopes ) jjlkill 

.lie- <- s\"iVij diU jjjjJI ^gi ^ jLojjj LgJsl ILa j. (A) ^ 

i_yd l^J 4^o"n j o\jjl\ ^3 oJ(N)djbjjjjaiJI 

^)j1 Saj (J 'jm A jjanJ-a (j_9^ (jt La! jjUaill j. 4 jjIj jja!l ^3 <. 'sl'l'v'i 

jj! iaj j . ) = jjl laill aL & ^Ui-yl (_£jil! JA*JI t _ H ( (jj^ jjJj^J! 

jj-Si Uj AY = jSUaill aOA ^jil! J^xll rrA U . Yn U . rro U 

jl (jJJ_jlaj ^)j-atj*J! i_y*x. ,'j.Aj j^ill dLxlc-lij]| (j-a Ig.jlc. (J^ajj 4aC-l u^-a 

(JLa (_)>>». 1 ! r * ^11 L$^p>] ^}j-alic. ^3 jjUViH (_)*-->j Laiu ( 





































(jfU A^jldiia 3^.1 £iaaJ Aajli^a j^ll .^ajjjLJI j ^ 

_J^JI q —-a Sj3 qa (jjSla ^^Luc-VI a.LaHi .l_ slrvj AjjLjjAll 

jjjjjjj H | ^jiiajjll) (joa.(J^-"*' 1 ' 3jc. Lai (jlv^A ji\ jj-a (jjjj3j <L^aia 

j _^Jl ^_jjaSj 4j jiilUJI ( ^3 a.La]|j (JjSill £.Lallj ^aj^uLa (j^j£i}3 (j-a 

.AjjbjjaH jj-al j~±l\j ^ (jUl"i-y ;V l.ag.1^1 AjjLiajfbl 


j (A) Js£l\ 33*JI ^ ^ :(Isobars) t-il jLjjJjVI 

.a! ^3 a3_^a. (p) CllLi jJj^j-dl 33aj <- (Z) L£ 33aJI ^3 


^ /'■'i ^ xt ^ TD I 40-r^ 40/^ ».*. 

L^6 4 IN 7 ‘ t >5 j) iSqg j Cai9 J- 1 ^ 


(N) Clil —j JJJjaill 33— c (Jj) —aj ^1 J^l'ixll (_^a: (Isotones) allUjjjjj^/i 

131 I 78 , m X 78 , 133 Cs 78 :^3 Jlla. (Z) C5J3JI 33^1 

: <yd$>i£*dl jjLall i - \ 

3 lljal 4_jC.\j a^a j3l a^a-a 3r*.jJ *-—ibj^L l" ttlj ^jtnia j3jk-a-a 3^.jJ V 

La diljj^pj-iill ^Jc. ^>a! *— J b 

I (—iljjjjjjji] 4aC.l n.^11 j3U^^l|- ^ 

3 aj 1_a j i-aliaJI (j a jA Y ® Y — ^)3j^oo _jA _j3L^a*H o3A ^»Al ^j-a 

<J SJ 3a.l j V^Lvil jUa/iriVlj (JWnj .<1uj Y.l° ajl3La l 'lk^-a') ^j-ac. 4j jjJI 

djl_a_uL Ljl^k^aa al^ilL <_L-*abaJI _jllajauVI (jl. Lsll dlLaiauaJ (JLLajl Y *) 

dAj jjj joill 33c. (j3*-a (_jl j . jUajaul (_JSl l iL'v; (_£3ll j Cllljj^pjjjll (j-a (Jjls 33c. 

• UJ^yjy Y - . V1 jA Aa._n.aH 

;4juuLall _pUaill j3Lu^a — Y 


^v 



( Y Y I - Y ) » — aj_jjjLdl jjUaj (Jla CL- tliLaiuiaJ Clic-Ls j U^-a-a J-al-yi 

l—SJ5 (jj Sj ,js"uji.a Jj-o'iC. ^ja J}^a_uia Y V ^ ^j Y £ ) Uaj^aVI 

J_a.1 till_*_ul 4_ic. £U_ 11 j (a,n) ^ _jj (Jc-lilll <-. Ud*V dlLuxiliJl ol& t Sa^asl 

.^ V — 1 | JfLadl ^3 LaS i JaLuI 4,3 )»,j^ 1I t Og.ll dlj 

j^La» >» <jdi J^dJI.( r - V, J^mJI 



: Ajjjill ciil'lc. lLaJI — Y“ 

(Jjl^vs.' 1 tllliJJPjaill J3kl ^Y Y*®- (_Jc.lLail (_£J(_J-alaJ La^ic- 

4liSJl ^Luj£j) (jjd liLo-ba (jiijj 4jc. £cljj ^illj .<_£jjill jUnliVI AlUc. 

(_j-a J1C- ^ 1 \ 4iliiaVLs (Y VO- .^aV! 4 Jj£ (_j-a (_}sl l^ag.jltl^ 

jUaAiVl AlUc. c.ljj| J^UVn tllljjjjjlill t> 1.5 l*j£ (_£ jLoiil^Jjbt-a tlllj 

. ( £ — Y) (JfLlJI La£ (_£j^i]| 

II. jlia_klil/! till_ i(_j _a X 4J1C- .X n ! jUajaiiVI LaAB j A t",U ib». 

jUajlil AulaC. (Jfll MfiV. Y * « Ia jIAa 4iUa ^1 AiLjaVYj 


Y A 


























tiiMftlill (,£ (jis .( i - 1) J&mJI 



keVj_]j^"i ^all a(_£ (_j-a (JjjoU fl jJJJj^ll (_j-a L_a^A L q i-dq 1 

(Jl!La dll.ajj.ii-s.il (jd*j (Jj-sj."i jl.Lud 4alal_jll Ig.'isKj j^L-a-all o^A jjdj. I ° » 
^j-a i—S^A ^g. 1c. AJajLoi Aic. (Jclioll did*.] (_j-a -AjfLaJ A. na.ja 4jjUa ^Jl ^jjjj^jjl! 

^gi La£ (. V~lg.ll dlij^ijjj dJ duduj (d^JI ol^j £ja (Jc-lij dl^V .v — ^jAiUI 

(° - 1) J^SII 




















(j .(0-1) • ,<l 



hijA\ ii$A 5 -1 


A jjlSla jj£jj. 1.1^. j j a. j-o j^s j d)ljjj!ii2l j dllj jj jjill ^^Ic. *1 j4l IS j"l+~l 

al jill jlj£ jjjlii + Ujj~v. CllljjJjjJI jjj jsljj oj3 (jl jiajaijj l-li. 

(Jj all o^iA. 1 ol jill djljjfLa -lajjj 4 jjjJ Sj3 Jj^.j] (J^a-w.jV 


ojj olj_j ^Ha 3. LiLaC- 4_uilL2l j 4jjjgi-v,all al jjll CllljjfLa (_JjS jjj jjill jc. < 2 kjlj 

1.00783 x2 = si jjU 4 jK1I aJjSJI jl (jl. jjj jjlp j jjj jj jjj ? jj1$JI 

si jj a!£ jl jja jj 4jL*JI t_jjUaJI amu 4.03298 = +1.00866x2 
<jjj]| jl J\ MeV ^ V' > .0 = amul jVj .amu 4.00260 = j tdli j* Jal 


r* 





















jaliaul Aljl*-a L. Uj\ AilUa ^1 J jdn <_j jjoi ^ 0.00055) ajI-iLa (jLlI J AlaSlI ^3 

E=mc 2 :AaltLll asUJIj W 

E=931. 5 me 2 MeY 
E=931.5x0.00055x(3x 10 8 ) 2 

= YA MeY 

iaaj SI A sllaa _uuj \.£.>.s-ix.) £jjVI dljjalSjaall iaajl dj^-aa ALLlall aLA 

• OP'LS^ J ^J-3^ 

a I j_ill (JaE LLaLoj dla jalSjaall C'jj' 4 aaaSa ^ jail aLA AJjIa: Aajjj i$jp _ 1 

£_a dll_jjjjjall jaaLa (Jj^aajj 1.1a. ajaj^aS djliLuaa j^ic. Vj lAjiila jg.Jaj Lf J 

l_lLl aall a j 3 Aajjall a jill .(_£ jal A^a jas dlajjaaall £-a j A^a jas Ig.daaa 

. d)la jalS jaall AiaaL jc- jlaall (jdiu ClalajalSjaall jas ^ j j (_£ I jaa ajajaill 

jaala (jU at jail ^_3 dalajaj jail jas (Jala Ale. Jjaj Jla ^jljS jslxi a jS — Y 

(Jj_ill j_a jaSaJI ^ic.j i Laj-lstas jjSa al jill AiliLa ^Jc- AaasjljSlI jslaill (Jj3 

Aajjall (j jail dulS ILji i a-laata dliLa-a ^^Jc. jajJ AaSaatliaijj^SlI (_g jail jli Aajjall 

AaSaala au jj^SII A aasjl jSII jslaall j j3 jli tAsLaaill jalLa!! jaVI ^..ua% jaaslaaa 

jac- AaSUI Ajalaj^SlI (J jail a La jU cdlLl AiLdLLj tA3La,all ^Jja jlaljla jaaslaaa 

(j j_all ^_3 al jail dla ja jja (JSa jaLiaj jaja jjajja (JS (jl (jl t ^LuLLU ala^-a 

Aa-ajljSlI jsljall (j j3 AasaS (—ajliaa ( dlajjjjall jas a jaaS AaasS .laja L ,na ) Alaaall 
I LI jSl j . al jail Aata-a <. aamaij La ILAj (jjjall Jaal jail (j j3 AasaS j AaSaataxu jj^SII 











4_jxijlj£ll jal_Sill j j_a jl_a 11 ° j_c- ( (_£ja!I Ai*JI )diljjjj^>all AAc. ■O 

lAAic- atjjlI aAA jlgd i-_a jj^jjj 4jjjill iaj^>ll (_£ jS ^^ic. <-. ilajj i—Sjjj AjSjjIIuj jj^fill 
AaljJJ (jt jfLajVj t _3^Ua'yi ,_^lc. a ji'lkjj,a JJC. jj£j dlljAll aJA (Jla (_£jj jla iAUaIj 

IA _ 2 k ^x.kdj atjilt 4jla-a ^Ic. AdLi^fill (_£ jilt jjjIj jl ^ic. (Jaj l-A j 4 4junlall 

AJa_uiljJ l^atjjl jfLaJ ,jjll tdll jt 4jt_nlall ^ 4allj.aj^lt _jj-kalj*JI AAatl Llllgj 

4 <-1)1_ijJj^Jt j dll ijjjjdll ^Aj at jjll diljjfLa <__iLau£l Jbu .Ajjjill dl^lc-lidll 

jjjljilli lAjJjkttii jfLttjV aIjIa aji dllxijkj.i-s.lt aAA -lajji ^jill ®jilt jl c-Lalstll JasV 

ll_uiljj <_1_uiljjj jj.ljttj.jjs. (_^| (JAJ <__iAlaall aji ) jjjjjl 4ujAlaJI jjjli (jLa 4ijja-all 

jl .^1_ag_lj£j^ jj_ 1 4ilj.jj.alt £j^)-a £-a l Uji^C. j Lag.jll'l^ L_l^)j_a (Jj^ala. £-a LlJ^jia 

jjj_iiSl'^l (Ja-sl jjill a jilt jojoiSj (JsI jaj, 4dlj^)^Sll dll j ad It jjj ^jl j£ jjjli 

4 4^ljAlaJI jjjli (Jx>x"lj.a~i La.Vm.4 4 al)lc.| jjjjjlill jjjl-an at jilt (Jjs ajtjLa ( jk jjAj 
L a-lic-j 4 ajLuj-a ^i jjjifilVI J^S-s"i jt j.tWuji'iV 4jlill 4.Sm.j.d ajill A-L-aa-a UJ^ 

(jt (—1 aj 4 LLaa-alt 4dljj^ll dlljadill dll j ^Ikkia^t jl ^3 ^»jl j£ jjjli (J-a*Jjd 

jjkjjqj (jjajilj . lAjl-la ^kii (jt jfLaJ^ dlljjjjlVI jla L-lil-sTl 4,sl"i-v,alt j jalid 
(jV J jjjdl 4jJAlaJI jjjlii I Ad dlli jj j^>jllj dlljjjjjdll L^laadi ^^alt Ajjjilt 4iUalt 
(jt (_jlc- (J-^J tdk 4^ (jjSdji (_£jill 4.L-a2k-a jjli I As. ajjiu-a at jilt dlljjfLa 4.1 jS 

a j_al jaaS-a^ 4dL^)^ll ^i ^ jljS (j-^^ IdaAslkjjt litj .a jilt aAA ^kjjii V 4ajiLslt 

jj_a 4jj£-alt ^ jjljg.lt ajA lillLa LiAst tij laiV tAit (J jji-a l" Uajl Igjl IjAsjl 4 Jail jolt 

dl_ilS jl j»jlj£ a ji (jt Aaj 4 4.~iSkjjlt ^aaj-a (jljjjjjjj 4.Wkkilt ^.xajAc. (jljjjjjjj 

aj alt aA & lus (jlj jj j^>jlt j^llii i ijJkuS at jilt ^a 4.xa^\sjxalt aAjsjll a jilt I ^A 

jit jj a j a (jjo jJ^t aAjAa. a ji tilljA jl ^lc- (Ja La-a 4 at jjlt ^ jla. ^1 jl*AAllj 

a jilb A*J Laja duxujit jjill ajla.k^ilt dlLjAall ^3 4^jaiLaJ-a dlljjJj^jjll (Jaaj ^ jlj^ 
ejAl_ sj a ji 4 (_£ jilt ^Ll jc. 4,alj-sxa (jxajlkk-vs IgJ a jilt aAA .a 4jjill Ajjjjlt 


rr 

























Aaja ^jai-vll t_ajaaa LaAac.j 4 ajall aAA ^.SiVi lAAataj 4laajia ^^-ojaS Y (_jA-all Aac- 
^as^ja3 • . O j^ (_JsV jaa_j]£jaall jaa ^l^a-all d iL^a j I Al jSl j 4 4a AaJ 4j j jill a jail 

aA_A jl LaS 4 ^LaAaVI ny"ll dllkj 4 aly3 _jalaa (_£ jii (J_jyaj caAaJI (_£ jii jii 

jaa <-_)Alkali j jLaa dalajjajaall jaa t—iALyall (jl <■* ,uy _jlj£ ajia IgJ 4iVlc V a jill 

A _a jiVI jjay jl £-a 4 4a_jaVI (J£ (_^i 4jjLdus jac Aaj^all a jilt jl . dala jaj^all 

aj_all ^jic. jjjJ Cal jjj-a dllaA jl VI dalajjjjaallj dalajjjjall (jaii ^lc (_£jaadi 

jA jay j jA _agJI Aac-MSV( * • * ) Aajjall ajkll <Jaxa 3 4 jj-oLi*JI Aajjl Aaj jilt 

j_akaj 4 jjjiaall J jaajjjA al_jj AacM6V(Y j Ayl jll jjKjaall 

(Ja*-& 1I jala) ^»a jaajjj^jaall j jaa jj_j^>all jA ^ _jjljg.ll AacM gV( ( ^ s Jj (jA*-all 
A. A) AaAyJI _jj-ViQ (Jaaaa ^jiy _jj_<ala*JI t_aaajj ^^3 liaAaa LalS lj>j^)Aa ^laajVI 

4c5JjA—II JjA—sJI jy-I ^ (7.3MGV) ^jlayajAa (jJaUyaVla Aj*a ^>a(MGV) 

AaAyJI al^a jli iAIIa! 4 (MGV 8.8 j jaaLo _jj-ala*JI (Ja*-o j^jfL) IaSAj 

.JalaajVI AiUa 4aylj jas Aa_jaVI jjsl ^4> 


Ig.'la dal jjja L ; lla,i dllkj 4 _jj^alaxll ^.Jay ^3 Aaj^all iaa^)ll AiUa (_£jLda ^»Ac 
dll ja jail aAA ^Al ja4 4aa (jaakiaLo Igda j (_£j^jall JalaajVI Aalia Aaja 


^yyll ja ja — Y 


a jjay JUi jj^a jajAll lAAj 4 data^jKjaall AAc. aI j LaK Aaj^jall ajall AlAja 
(_^^i.VI dal jajaill 4alc. l_ )l»a IaAjuj 4 AaAyJI ajA ^1 


^ la mil 4 aLuuj JJjai ~ Y 


rr 




tdlil i -laSS aArJ j (_£jill (JaLuj 4jli al jjll Jojjj ^3 jjjKjaill (jjfLa U-Aic. 

AiUall dlls UK ^LajUl L^.Ui-a dAlj UKj i Jj-all IL& l. iuji ) 4jaj|^)]| AaLUl (JSj 

l_JLuJI jjj-all lAA <-. ) uaj “Uajl J 

'. ^ j] j£ JJ j-a~ V 

jsUjj el jill J jjJjJJ (jl (jl dusk i al jill AiUa AjAjK J jjA <1 ^j] j£ jjjla 
JaljjjVI 4iUa dlla d)bjjjjjll AAC. aI j UKs t a jaII dllj jjjjj £-a 

(JjUjII jjj-a £ 

i diljjj jjJI AAc. (jjUu diLsjjjjaill AAc. jj£ Jj <Jj-oj el Jl (jl i_jjUj]| duijl 
i aJojI Jl AiUall (JSj i dltjjJ jjJ AAc. j dlljjjjjai]l AAc. (jjj (jjjill Al j UKj 
UjjLM Lai £ * j-a (Jal (_£ jaII UaAc. ^Jll <3jiiJI UjjLM J Ulc. jj jKi jjj-all lAA j 

UjKLM (_gA l^aS dili j Jj jjjlla <Lao]| 

I £ jl jJI JJ>a — 5 

jKI jjfh diljj jj jaill j Clilj jj j jill (j-a 4^ j j aIac.1 Jc. (_£jiaj j]| UjjVI 
j| ^^.jj l^jljjj jjj AAc. j (jAj3 l^jljjjjjjj AAc. Jill AjjjVI .t IjIjioU 

<Jal (jjjAja I^jLjjj jjj aac j Igjljjjjjj aac- Jll UjjLM Lai t jK*JI 

jl dlL jjj jjill AAC- jK UK J . (U».J iLall ^3 Ja33 j^-alic. Ua-a - ^ Ijljaiiuil 

Ajjj Ajjjill Jajl Jl 4aUa jli Uj^.jUI aIac-L/I A^.1 (j-a UjlLa dlljjJjjLII 




aljill ^jLai *1 — ^ 


ja aAjA^j jfLaJ (_£ jlli 4 lg„a>~\ jx ..a L.) uaj JaJjJalLi eljill (JfLai AjA^j jfLaJ V 
ja ^)j : 'l‘\i (Jg_uil ajjll ^jjai f -vjxu.--a"i jl LaS 4 l^jslla a!jill 

4a j3 j aljill j dlljjja^JVl (Jj-iJ iaJjJ (jll AiiUla t al ^jl] ^ j jai 

al jill Cilia )«> j^J Jajji Jill AsUall jJj . 4_llUlj a, .vs. jail Jajjj A .Jm Jali«*ajg£ 

4iLCaVlj4 AjsjlA. ajjja aj3 J ja jjjfj (_£ j 5I Jfc j (_l-iiall (J jui Igjc. <—Sj*jV 
al jill (JfLai AjAaCi i. l*.;.<all ja3 4 ajjll jla3 £a 4jjlLa lAa. (Jjla al jill jlaS jl Jl 
^jLaill ajA ^Sil ja . Ig.xJ ji. AjAavi (jaajJ aljill ^jlai C la.jJo j Jljl 4 ^^^-jUI 

. ejjuJI ^jjai - ! 

4 al j_ill | ^ _Jail j ^_slilill ^ j j_aill I_Call al jill A^. jiLall A.J-ajmjll ^ jlaill ja j 

^ jl_aill aj_A AAaJ (Ja jlj 4 IAiLu ji£l (j jaJ ^ jLai Aa.j!i ^ jlaill ajA Jj AjLCaVllj 

.VJ$’>-a JljLa aljill alii jC- djlajLtall ja I Ji£ (jl Jc. (_j.ll Laili z^jJA Jc. 

j»l_Cjala I_jjla A _JjjaVI <all*JI (_^_ij| Jlc ajjll alji <-_n£j!il Ajjlai CiljJa 

Jc. ^ jjaill I jA a£j 14 aljill (JjjasW L-llSjjll Ajjiaii 4jjiaill ajA ^ 0 » 

j) a AA a-a AA sal ajaiS <_JS ^.jaTi C its 4 ^dll.jj"uaa^ dlljJa ja jj£jj aljill (jl 

AA c. Ig_i3 JJ-^J ajjuia (JS j .4,SjS-vll (j jill ^jlc. £ j j-aill I jA (j Jan j 4 dilijjKjiilt 

J13j ajilj-aVlj IAxa ( ^jlalt (Jjllutall jjlJ j_f j*um ^JiiaJ LaAic-j 4 dllijl£Jlill j)-a jjJ*-a 

_Jl aIac-VI aj^3 JjLa ajjjSjJI dlLauSI LaAic- CjIjjIuiJI ^jj-ail ^C.a1I aIa jl 

4 I_ag.jK jl l^jlijijjj AAc. jl l^jlijjjjii AAc. jjSj ^jill AjjiVI jl (jill j 

aj_A j. I-Jjjj ajs"u«^a jj^J l^jls 4 A 4 Y * 4 Y A 40 . t AY 4 ^ Y1) AJUI f UjVI a^I 

^A j aljj Jl Y AAaJI AJjajJ jJlaS i 4jja_JI aIa&VIj L"n<axji ^Jl aIac-VI 

jj’N.j.aj^^l j 41 jl jV'ual AS jjaJI (J jill JSI j^i ^Aj jjjj jijlj j jojjjjjJ (JjJ 


ro 










lilL £ j $ CA jjjj JJ j A J 4 djl_IjJjjJ A ^ lc. (_£ jisj A AA*JI Lij-ajj (jLlI 

aLA ^j3 iajljall j jIjSLuVI aAja ^^Jc. aLVaI! j 4 LjJjjj X » 4j j ^jjxullSJI 

jj_J ^jlJJU dllj jjjjjJ j-a IaIac. 1 J jiaj AajIj jjUaj 1 l^J jl jl LjjjVI 


j atjail f ~.s.s j»,*-al AujiIL dlljjjjjaill ^ djLtaaull j-a jjj£ AAc. ILa j X » ,X A 
J] jVI Ljiaj La ILj j . aljill ^ AaLa'llI aj3 ^^ic. <*Jala LJV J <Jaj AjSJ 
JjUaj a jLoC. <1 j LjJjjj 0 * ^ic. <j| jj Jjja.j j jjA*-afl]| (jl ljAa.j c * Jj~yj.aH 
ja jd£l jJAa-aall jaljjj alULS j ja.1 j^-a'lC- jV jjUajll ja AAC- jj£I j^jA j AojIj 
J jj jjl 4-Jjt-aLil dilul A3 j. Jj-aljjtl] JjjAII (Jj-^LI (_gi ajjlaj jl 

I LI jjjjjL^ t^Laa'i jjl (. : ,iVi V Ljjjjjj ) X1 jl AX jl®* j jWi jjill ja-alj*JI 
(jc- dll ja jdc. ^Jl jaj (JL Aa.1 j jjjjj-ii^ Jj3 (JLaia.1 j Ig.'la 4_J jjal jl l^j ja 

LjLaal ^aJ Ail . dlljjjjjj'ill jjjll ^3 l^JliLali J Ia jjla-J ^Jjll jjjJI (Jjj3 (JLaia.1 

: l^aAl ja j jda]| ^Ljaill ^1 diLi»-aji]| j-a».j 

. dlL jljaiall aLA a.Haal ^lijjl ^A Ajjaattll aIac-VI — ) 

j\ jiii ^k. ^aj (ai t o£ t n t u 4 i. ( x) i^jLjjjSJi aa^ ^i cjijiii - x 

.LjjLiajS BjiiLaa jj£j ( jjjjj ~ jjjlujS — jjajl — jjd — fjjljg.ll dll jlc. 
4 J i.1 (_g j"uj.i^a (ja AjUalL (JlLliVI )».x.^>'l j)-a j Aji Laa djLj|~UaaH n»,"l — Y* 


I_£.1 la j)-a JiSI ^1 (Jj-aj -lia.j (jjjLj j'l'Nj IaI j'uaa jjlS Ijli 

jojS dilalaj ^ j j^l I La (Jia j 4 ALalSla a^Lia ^2 (jj^jjjjil I La j)jSj LaAic- 

<ra_LJI ^ _A j Aag.a 4,J-aVi Jac-I j . (j-ajL--TS.ll j-a jjjSIIj IfiL jl UauJ j 

. (JjLuJI ajiaa ^Lj-aj jAj VI J^.1 ^Lj-ajj jjj^9J jjja.1 J*-a. La-a 4 AajLj^ll 

I (JjLJI ajJaS ^Lj-ai — 4 _J 

A a.jjal A a j _tAa j Ia jd£l j Ljjjjll ^LLaill -lajoul JjLjJI ajiaa ^Lj-aj ji'mj 


j_fLaJ ^L j-ajll I La L_uaa.j 


(jj^ ) fiW'j ( J^yj3) jLijj^' 






_& A alaa ji. Jjjill (JaLkJla (JlL^all a jla3 jla ^3j-aall I.3A ^g3 al jill ja-aa 

g_la*j a.’lJ-ax^a.'Sl (JaLaill jll3 |> ^jl jlc jlLla ajja^aa ( jillj lllijalSjaill 


a3_A _a*a!ij jaLaill ajlaS jll3 j^glc. iS jLuiilla As. jj-a AijlA 4ilaS (JaLjl l3gJj 

a. il'i's.jj.a jlaal ^g3 -LLjUl jail til Wilt ^ JjjJJ tjliSj .^iaaall 3ic. AilUl 

i ^luftll ja-altll t_Jjjill (Jalaall |3A all jla3 

a 4 ! uLala al jill L-iu>Ic. jl LaS 4 Aa^jllll til jllall £-a ^al jill) ajjaall a3A ^j-aaaj 

4 aka £ a Jaaiij a jj Sa al j ill jll3 ^^3 jjKjill jV aJlij 4 jll3ll j-a ja£l 

jj la A ili ^Ja uJI j^glc. Jj^. j-all jjlljill Lai 4 all.g.’vll ^ la’s. j-a aliajlljaill 

JJ_iVI A _g^JI Lai aljill jlj-a A^. (_g&J -IaS9 a3ajj j-a aljill £-a Ualj-a 

ja-aaiij 4 (Jit jaJI ^^3 ^aJaxall 3-111 La 32k A.\x aj ILa j 4 ^1 j3 jC- ajlac. jjlaS 
tllijalljaall j-a 3j.W.a 33*a VI jjalljaall jija j jjl-L 4 ^LuaVla (-5 .3^1 a3A 

4 ilia e3l aj ^Jl j3ja V aljill aliijailjaill 33c. a3laj jli l3gJj a! a jjl.-y.all 

_a J way" ^ all ^^llllajjglll ^-ajljill jsliall a jia tlli jail jaill jataa .al jail 


A _ILa. ^_3 j_gJai ^jill j jjill a_>3lyall j j3 3a jaj 4 4.jyliH 4laLalall tlli jij jail 

^g-ajl jill jillll j j3 jc. jaa ja jja (jaa (j jjill a_i3Lalll (j j3 3a ja j ajalk-aall 3l*aVI 
lajjS (jj^J cLLaall j-a a jj a. j-o ajlaS jl ,aja 1 « • • jl.lLa i l-ag. nj ^^Saillujjj^m 

(jj_laaa (Jl_l tll3 ?:.u-o’ij l.g.Kl jja^aa 4a^.jll aj3 Ig.Jc. jaja La3ic. j JSlill 

^ II a jlaalla jlui ^.^.1-aj.aH jajJI sj3 jli jaalall jc. 4j^.jllll a jill alia ja lili 

jj_Saa j j_. -^4. "'ll 3l3ja3 jaalall (_ji a jill alj-alal lij Lai ^.L-^aVI j j jHI Ig.Kl 

Aaala ajlaall jl 3*.j"ua-all j-a ^c_u^aa j laig.k>a ».} ^-a jaL^ala ^a j^. j-a ajladll 

til jlaall i^yvt.\ JUaiil JLaa^.1 ( x-a jajLal ^11 Ig.i^l j jjL-laall ^jlajll 

tl3 2va La jA I3A i ajlaall ^jj-o'i jaa lL-^J ill (_3a33ll «. jaJI ^3 j-a ajaiu-all 

A 33j 4alj£_ui ( xas ^3j-aall l3A jHj a_aia. j 3 jL jaall l^aUaVil 3ic. (JaL-JI a jlafil 


rv 
















^3j_aill I.3A j t j_jill jl jALaiVI jc. 4j_*ala j ^LiiaiVI j-a ^ Uaal i AaLlLi 

A _Laiill (_f _jill j^glc- ^3j^iill l3A (_g lla ijj .Ajj^ill -laJ^)]| AiiUa £-a -laJJ^a 

13 ia l^y uju ^.laa.j _jA j LwaLjj ^3^aill l3A Aaj..a ^Ic. jA^)J 33 j i Aalajj^jll j 

AjjSill (_£_yill jUadiil AjSajlSj-a «. Ajjjill djLlcbiilL a! jill jl jaaJ : AjUjII jAljlall 
al_jill i. qj.,^3 3i*3 i dllj jc. I^yj£ *■ a Lai V al^jill c’.l.Wj La j ^)A!_jlall (ja lA^)aC.j 
^3 j ^ (JjLuJI a^)laa] C l3,aj La£ ^ al_jill ^Jauj ^3 djlj3j3i]l (■" Ua'l jj jjjjL 

Al ^ V L afl A _sUall dlit£ Ijli Ljjda j } al_jill (JfLd ^ v ix^aj 33 a3A <-j3j 31SI Ajl^aC. JLla 

L^aVI (_£j^)£ll l.g.Kd ^j Igj £ajj djbjfLa jjj L-jjlaull aj3 jlj Allis 


J 


a 11 


^jlall ^1 ^ Lala Ajtdil j! ^ ^>al Uaa <—sjiL a3j| jll AiHall a3A j<s al_jill j_^aU 

aj_ jjS a^)laall IgA uai^l ^jill AiiUall diil£ Ijl j£l j. jl jia^l Alla ^Jj dlljj Ajtalj 

jj_ J ^}Sl_Llll t_U uU til Ijj jjAjoiii ^11 jladiYi ^^ia. Liajj3j 3l3jj Ia jaaVi jlj 

4_L£ id)_il£ I jj ^LaiilLH AuLaC. <dl3aj .al_jill Ll£ ^ a3_ja j-all djli jJj jjll 

A _ajL/l AiiUall ^..-aj./i. jUaduL/l (ja jiiajlill jjjl_jill ^jilllS j<s^)j£l AuL-aLM al _jill 

. jUadiiLU A^.^)aJI <3Ua]U ^1 al _jjll (Jj^aal 

:.4-}C.LaaJI <S^)aaJI qC. Aj^laj — ^ 

I jojS la.Laj (JjUjJI a^)ia3 Aj^jiaj (JjiLujI (> _ s ic- (_£J_J^I jUajouVI a^)AUa ^uaS*! 

j i Ja_S3 (_£j^ill jUaduVI a^)AUaJ Aj JJ)L a (JjLoJI a^)ia3 Aj^)iaj l" )Ua ,4j^)iajll a^J 

La^jl jxa-a ^-aa.j (JjLoJI a^)ia3 j a^Liall ^JJ^Iaj JaJ^jll Ai^jia jiao] (j-a JuV (jl^ 
j _ Lj (j _ jl) _>Aj _J g _ jl t-jlLJI j^jLj^l jallaJI <—-lliiajiAaJI (. aj.^a'Vl-a ^3 j t 

(j_C- 3_2a_j-a]| <a.jj-aj t 4jLLaj (j-a J^C-j ^al^ill 3a._j-all ^3j-ajll L^LII^A^jJ 

(jjSj d tl.aj t (JjLuJI a^)ia3 ^3j-aj £-a a__}Liia]| ^3j-d Aj3 0-a3 ^3j-aill l3A j ( al^jill 
dn-h.) Aaj| jj3 Ajc-Laa AS^>a djlj jj j^>JI j dAjjjjjdilL AjoLall jjdall djlj al_jill 

aj dall (jl (_^l jl jAaLU AjjLIs ^3 (JjL-u ^JajaJ 4jULa j^ajlaJI al_jjll ^Jajoi ^_u-aJ 

dj uu] al j ill jl (j3a jisl ^3j-aill l3A jl ^jda jl 4j| LaS . 4aL-a d Ua)l j <a j-ada 


VA 
















^ C. AJLa. AA^daj t^lall (_£jjill jl jSLjjVI AJla. ^k ^£3 t L<u|j AjjjS 

t jl yis _mVI d_c- AJla. ^gk a jj^-aj jljailuiyi AJLa. 4 jjIj Lg_j| LaS t jl^alui'yi 

t_JjLdll ^k dald Alai j-all ^)j£l ^jjdll IllA ^Lla 

tlfetfl V . 1 

(_JfLoU jl (JjjIsJ JfLd dLall j-daall (_ja Aiillall (Jlsajl AalaC. 4jlj pLtdLM da^)*j 
lgj|.LiAj t£lljj dLall dlljj (jjti ^^-Ic- ^jLlall dlc-LduVI a.AgJ (jj£j Lade-J ddja 
^dajJ j 4Jujdl dlcLduV L) dlc-LduVI aliA Jj£l jl jl 

_jl __)-aduLl (_pajL? I ^Jau ^^Ic. j-a _jA La (JS . (jjlall 4_}laC- (1 — 1 ) (JfLoill 

Jllj_all j Aujjflll Ajui iiLHS ila*_nla lA^pL-aa j^jll iAjjjj-all dlc-ladoVI ^)Jjtil 

j^lc- lg,jd».j3 i <aljda p I ^jj| ( ^lc. p LdV IJ . Inl'aj LlC- Lda jl i Ajatiilall Ajtdall 

(jlj iiaVI <-t-^- 1 jl (_>u-ajaill (_jC- (JljlaLM <- 'lLi'S.a j_j^a a^jda jl i_$J )\pladl 

s* 

A Jjdl^ll j AalL^illl ^1 j-aVIS ^jalVI Ig.dax } j jdaa jA j LLLa 

(J_lia Ij_uil die-1*_ ui$ I ^j.aa .1 (jjujidi (jfLaJ j I liA . dLf LdlLl I ,_j3 dadduall 

j 4jLi£ jjfLaJ L)-^ J ‘ (Ly3^A^ ^ LdL? I (JLa -duod! (_j^aj V I 1$. aJ-aat. j j ta _jdall 

4j«_kiiall j|J all (j C- ajJlL-all dlc-LduVlS <—Sjoiljf^ll dald a^^alj duLlS 

.4_jC.Ldall j| <jxi J-al| 



4£llJ (jll L&^ii $ VljjJI Jdti ( 7 - 

Lj j=£3l 


r\ 













■ UJ k ^LsuoiVI j)£*<aJ 

!j)jj-all ^LxjuiVI ^ 

jl c£lljj ^a j ^ j 3I djl^jill jjjjlj Lr^ ®.j-^ aJ ^-Lx-uiVI 

1 1 ry^x jjjjl (j;\ Ai^.ja 4_iiL ^JLijj ^A..i-akjjall ^J^lxwall) 6 Jill (j-a ^jA£l 

: lWJ^ j^' ~ ^ 

.l^J^Li. ^a j ^_jll djl^jil! jjjjlj ls^ ^^*^-^1 ^j-^ 1 ^•All ^LujoVI 

.* <L>J/ CjLC'buujyi 'xaalQi j 

* lill diLcjjai^ — ^ 

^3 lilij djLc-UuaiVI cJsl ^jll j ( ^ ) cJ^“ ^J : )l : )frll 6 ji fcl jj (JC- 

6^).1 2 I g \J g-'jjJoll A^-^xw QA )/) * * Lo ^jl^)JJ "Ac-^joiJ J ^1 m^yi 

c (^J^axJl oL^jVI (jC- <— ZjpJn Igili ^^xuJalisL-Q JIsx-q jlill j)Jjlj ^Ic. 

dilj ^AJL^uai j CjLgJjol^. qa Aj^fLc lgj| ^ic. 1^31^^-jl oL^jI (J-l}j 

jJa xj (_£ Ax_JJ V c-l j g-!l ^ 3 IA ^ "a^j. _Ja^ 0 ! AiLaua ^JjojJ ^ ^ 2 Jjiy. jinV3 (__£ Jlq 

£-q A-Llu^-o lill djl ^ t Uti> .S jl^^ll j J^x ,k>all qa -UwUfll t—flj^Jall (.**iVi djl^nxt.nnull 


^3 .Aj^jill <iiSJI 6 ^.j i^ja £J^jl <J«AxJ Aa\j£ ^.1 j (J-cLxj (.** 1 o.Aaj1j (jJaxJill 1 g jJnx \ 

.1_AjjLxJI ASjjII ^jaSj t ^^11 ^rjmAI ^2 CjI^ jjjLo j^SoaII ^ja ^Iujj l^jl 

S^\_all (jjl j qa Lua l^UVi ^^1 aLSiII <illi l_i±uJI 

(ji _II ^Vl cLjajI J 14 ? (JjjIjII (^Ic. jic-Lujj ^pll A-JlxJI AiLjal ^ jjj£ cJ^-^ 

.fi^LiJl ^3 (3 -0 A^Lui-o •Ixj cJa3jjj3 AJUall l^jljils i£^Jkt 

:\li* CjLu-uL^ k — Y 

^j__A (j—^ ^1J L_y^*) cJ-^aj <jajli djlc.^xu dili djljj^jjiSj ^_jc. o^jLic. 

1_all djl a) <.h*n i^ja (Jsl djI^jliJI (jjjlj ^Ic. d^j^ 2 l^J (jl L<a£ c g. jjJall Ac- 

jl_a-«all _ 1c. ^xll a I •n’iVI ^^2 Ia 12 ^xuJaljiL-Q dlxx^j l^lj* 


r* 













La£t4jJl_ ui 4 W \ dll aU>\~\ ^_ya MjjfLo l^jl ^Ic- oldl (Jjjj n >ij I'lliiuttll 

_ uta.Vl (_g _3 I ilaj j!i£l ^ ^SJS^ dlLaJjat^. l^jl ^Ic. i_ JjlLo (JjJ 


. lili dlowi 


^ L>“ 



JlL 


j^ajj o\ l^jLid j <c.^)joi j!i£l Ajjill (jfi <_’iVi Vi 

( A — ^) jjjjjjjj]| lS £-Jj dl.ftUn7. 



n 









: LaLa. — \ 


(jjj ^jl^)JJ .J.)* 1 LS^-y* <-)*—llj AjjjuialjA-aj^)^ die-btlul (jc. ejLlC. 



tlllc.1*_AiVI (_J_a 1_A^jjiu dlj^jja l-a Ijj A_jiill eAjAjoi ^A j _jia ^ * ^^Jl ) • 

6—dlj)l _iJI jjjjl_J ^ic. e^Aill LaL^. 4 jljol}U .AaiuJI Aj«_lIiYI jl Ajx n3-all 

(_j-o JS (j^jii ( 5 -^ IaA^jAj ej3 td]j ujjjojj . Liu jl lill CllLa Uu^ (jjjlj (j-a (J^l A^.jAj 

. 1 gjjlj aj3 £-a Iuj.i^c. AjjLill dlc-la-Ai^U Ajjliill aj3 L_ualljj tliia. Ull j llu 4jt_Ail 

jl (jjj J 4 u^.ja till A ^£3 Aaiiuill AjtlujM till Jjjaj LaLi. Ajtliil jjajjj 

AaiujJI 4jtluVI (jl t" n^>. Lou-all jA Aj'n^ll AjtAujMj LaL^. Ajtliil (jjj jj^)A]| (jSlj.4a^_ji 
^ ) (JSjoi .el_jill jA LaLi. Ajtlul Lila Laiu el_jill ^ jLv AujjjjfiljM dll jIAaII IaLaIa 

QljUll >» 4*&ai Ul «—*1$ dl^jl >» 4*a*4l WU <wmI ( V 1) JiSi 

Ol^dl gjli <hU£>£J2l 


—: Lall c iIauji-> (J!>L»j| 


(j^jjj(jA (Jj^-all till ^Uii^ ( X) £jLa]| jalaill al_jj AsiA 4 _i1a*JI eAA ^^3 
ULi. ^J| ^]| (JjLd 4 He ^ jjlg.ll ajA el_jj (jc. ejLc jA j (j^jjjjjjjj 

. ( > • - .jljSdVI 


rr 







— ^Jl ^I a! (JjVnj till kLajj.j.i's C ia. i i Y V A - ^ jjj|^)j]| J!)bkl 

_II 3Jb«JI j dll^.j £jjl _jt'^Vl al^jill 33*JI (jL-aaj I^Aj Y V* £ 

. j*i\ al_jill (_jc- Lobb ^.sl'i'V.a <sbbll al^jill (jjSj lillkj (jjj-li .ji 


till Cil.^uu^ (J^Lajl ( ^ * — 1 )jLi 


1 LaJl 61^ JL-X'JL-X. t I -A - ^ I 



pa-?.i*li ff.i | p-j.a g C|j 


T5fT 


( (P)-Decay) tk klbuxiti. lT^I 


ak>j tk kLa uuvj C)LaUa^t. ( X) £jkall jjlaill al_jj bib 4 _iLo*JI a3A ^3 
_jAj (Positron ) (jjjjj^jill jl 4Kbill L-llku (jjjjfLSI (_jc. ajbc. kiLajjataJI 

I^A l" i.W ij . 4_t ^.jm Aakjoi (j^lj Alkl kjLaui <iik (jc. ajbc- 

f -.j.iiijj . A.bi-s ^1 <Laj Cklb «-l_^ ^llVill ^j-a ^ Aj^jbU t-^Kbll jj-o ^^ill 


:^l jil *££ Jl 

Eelectron decay kbjj&VI kUkb JbbkVI - I 


nr 
































4_JU (Jj i-a(JjLd j dljj^jJjjill ^ja (_jdjla ^Ic. j£jf' i ~'-"‘ l (_£ _>^1 

OJJ—^J UJ^JJ^ <J! L>° UJJ^J^ J.P- 1 <j£J^ Lp j' 

■dd dlj^jjj-dlj dljjjjjoill (jjj -ddll ^c.ij^a") tdljj • al_jill ^jld l Vvij 

— : tdSioJI li& jjc. jj*jj jIjSlUjjVI 


n. 


p + 'e 


a I _jjll (_j-a ^w./iaII dlj j^y£$^ I ( ^AjoU.~4_la^i^A dl'l-dll (j! AJjIxaII (Jja 

dljjjaSlyi <liS j_5 jld <ljS Id.. 4 ju^)j-u dL<UjA>JI aJA Aallxull td dll.Ajj.jj~> 

£a Id dl.Aij.M~> (Jc-liiL ^.iJ-illij . . 4 _JLoJ 1 “ddoll jja a.ld j aJA.j (Ja-Cij 4 jj.il! 
jj£! 3 -aj.jjjl! ^ UIAa (_!».•> j Iaa a(X ~dl.Ajj.j.i~> 4 aLl 3 Ja (Jal jjjlall Ig.'nlilsj ia^Lall 
C L^° 4 ja.jj.l-> II jJL-m3a]| pJ->«A jA C laj' 1'1 jl j^d! jA J ®“~ • *-—i1.a1j.ji~> (_£4a jA 
eljjll ^.I'l^lll 44 *JI jlj (Jc-lijl! jA J-aikl/l-jj ^ 1 1 — 1 ^ J<d . |3 C,l*jl (jill 

. 1 jI.Vsaj Jlljjj (_$ jil! 44*JI jfllj dulj adljll 

Id! C~.i1.aJj.jj~> (J!)Ldl ( ^ — y )(JfLui 


1 36 ^, 
55 CS 


136 


56 


Bti 


:j» 


55 Cs 


.3 6 


Ba 





























Positron decay £j>yj£j| JUaitfl < y 


jj-a ^J^l (_jJxa]| jJailt ^gi dlLjjJjjjll LllljjJj^JI Auul (jAuU 

(jjjjjjj Jj Sijill dlljjJjJJ Ai.1 J_pi aJUJI sAA j . jIjSLjjVI tjLvJ j^jII AjjuuII 
P Aj2k_J^II dlL<Ujati.jl (jjjJJjjJI ^g.-a xjj j A.Wj,JI l_la .ja (jj jjSJI lJIa] A.-san JjiLiij 
^gj)!\£ AAc. ^jjoj ^jjjjJjJI JJLijVJ aJUJI oAA tgk llu (Jvlajl i_ajxJj 


n 


+ 


(j_533_jJI dil*_ul j Y Y (jjoill ^^Jl Y Y ^ ^jja^- al (JDlajl _jA cJIa j^lc- (Jla>JI j 


YY 


Y Y 


Na 


.Ne + +i °e 


. ] jIyL) JL (3 jill -YAatJl jjLlj lIuIj oil]_j]| sl jill ^I’i^ll JA*JI jjlj Jc’lLlSI ia^/Lij 

Electron Capture : ^y$>£J2l >*2| < ^ 

^jxulj 0 jAuaxill jjc. /_£ _jJ] ^ k 3 IA-JI (_£I ) Sl_jjll (_ja Aaj^^I AjjIAaII C_llijjjkll A^J 
i^ja AuIajJI oAA ^.aja'i tjlili (j jjjjL j^JI Sl^jJI dlljjJj^J A^.1 (Jj 3 jj-o 

: JUI cJc-lio]l (_gi Ia£ .k — ^Ji'jl IjLrJ ^.aj.ji"ijI jjAfUJI ^joiVLi tjJJ (J^Laa! 


P + + 


n 


(j_a Jj_Hail J)^]j Ji) CIyLaua^. ^ya Lil Sl^jill l" w. y"i V jjjfJ'^l ^joiVI AjLi. 

Aaro *UI JaI sia-a (jc- Sjlac- jaill j tjjjjjjjJI i -sjju ^uj.i-> Sl_jJI 

A_I^a iL-jli ^jajaII (jjjjfJ^I (jlfLa <JjLaa Aj (jjfLall aJj£j 

Aail_ui Ajt _uil dlU_uLl 3^,)-a 1 (jjjl-iJ! AjUa (jjj (J^JIj j^^lc-VI jIAaII jJa (jjjjfJI 


ro 







Lala. ■AjljoJ aJJI al^iSI C \x,y 13 j . (JLLajLM (j-a ^-_JI ll^J ajxa-a ‘^ J -‘ a L5^J 

jna,'l.aSI Jl © © — JjlaJI (JjLajl jA (JLLajVI (j-a £> ^ill I1A Jc- (JIL-aSI• S-J_>^ 

. CilijJ&W I 1^1 ^uil l*_i © © 


55 


26 


,Fe + 0 4 e 


55 25 Mn 


: LaJ <3^1 <." m. n (JLLajVI (di 
jl_uaJj . JSlc- 4iUa dli AjtjjJ-alaiua lLA^-ja (jc. ajLie. ^A Lola, dllc. la-ioij 

CllljJ ( jll a.lilJl a!_JI (ja LiiJj till C ll-ajm^ Jl 4_ia.L-aa LaLa. dllc. l*_2iil 

(ja (^allaSI jjjja (_jC. J JlauLH AJL^. Jl lj*J JlS tjj (JLL^jl jl USI (JLL^jl (jc. 
al^ill (jjSj LaUik 4jtaulj (JLL^jLM AJLi. ^gi 4jli lilSijj LaJ djlc-btaul ^3 filial! 

(_^a_ *j (jt u _SI a JjLVI J-laLJ- IJ JlLjjI JSI Ig.'i^Sj JM al_JI Ig.jaS’i ^^A aJJI 

ajjl _J Is_uLa ^cjl_ill ^ JViSI jjjLl a J'uaa jjc. jUaj JJ (_Jjj Aa.jLaSI jUaiSI 

• J=^ J^ Jj lJL JSLILj 

ai_A Jajj J ^s.JjJo j^^btauj JaLLu IJ jjll jUajll jja 1j1*JI lilliA (jl la»j IlfaA j 

(JLla. jl a^ilaa liIJi £JJJ ©3J Ixa Ikttg.jK jl lilJ jl liSI (■"■)la_Ua> Lai ajluoa jUaill 

4 SI Jl jja aJulJl dJJI (JlSljl 4,-yjn ajlLaaSI LaLa. dllc-btaiil <jjxa 4aia j aJ3 

(4_u2aJ/l) ajquaaSI AJLaJI Jl 4,-yj Jail 
; (jxajai3 | JI LaLa. 4jtaiil C \*.\) (JLLajV I ^uoikii j 
U? jj-°j jjfl Jj^lSI — ^ 

cdSi Jc. (JLLaSIj .LaLa. AjuujI l Ja.jS 4.-a.)Yt jl JluiVI aLa Jl J-aj Aao^J-aSI (_J Jl (j2a*J 
yUaSI laii ( metastable)jSLw JL jjj ^iSIj ( 99m Tc) gJ-aSI jJJlSI 
. j^uaxiSI t t — ^j)Ln l‘s^SI Jl (Jjajj JS Lala. <aajj| tllLcul (jj Ja jj C. 4_JajUSI 

: JilJI JLLoVI - V 










. jljSl-uLn klLv. (JjjasjII l^jaUa a-vj^.'iaII (jjlll -^iij ^glll (jjUl i^l 

0 j^j AiUa ( k jIaaII ) ajill ciljj jifULM A 2 vl j (JLLsvjLM Iaa ^aj 

dll jjjj3 AiiUa jjj jjill (JjL-aj jjjvjaII jjjafUVI AiUa jl .a jill jaLuj al jill 


.ajA_Ilj jj_'v'iaII jjj&IVI -laLujI AiUaj 4-s.jg,'lAll aljill jA Ljx maII LaL^. AjlAuI 

LaLi. Ajtlul d)ljjJj 3 jl (■",»>,tv 4 -ili.lA <jjjjJajj^£ ajAlia 4 jlj ^glavlAll (Jj\lll j n».j 
vjj ^ l^lSUa lg.jJ-»x"ij ajilLl a j£j Ajajjj-all dljjjjfUVI £-a (Jc-buj 


( 12-1) cJ^i jjj&IVI 

^Ul JJiUiiSI (12-1) Ji- 



Clll*_ul ^gi 0jjj 1-ag.jK jl dn-y Laj <-1 iI.auj.)-> 4jaj-ul jj (JLLdLM 4 ajLu ^gikljlll 2 jjvaII 

: jA jj^Aa.II joj I j jail jSl j tlib j jjSJV I 

^gi Lai aljill jA l ist.fi dljjjjSlVI jli liu <-1iIajj.j.i> aJojoiIjj (JLLvjVI kILa. ^gi_ ^ 

. 4ji.jljvJI dl jIAaII j a d ftu (Jjadall jjjafULM jli ^glaJAll Jj^d) II aJL^. 

(> gl^.l J II (Jj ill! A _jIaC. (. aj-3-a LaliJ ja'uja (. 'ijJo jjfL) Liu <■" iLaum'n <- Sjla — Y 

(J jjlll L_liall dliulaj ^gi lli. A-JjLa (Jjjvall Ia& jl ^AKa dliUa ^glc- j£ j"l*vj 


rv 












(jfLaJ cIIIaI lj Hji'i (Jjjla J<C l^J a jS~'uj,ixi 4_UjJI 4,»,tMxa\l Cll|jU_jjll (jl 

Ja^a LaLi. AjtaluV Aac-lj Ajtjous ^ic. J 


rA 



IjriUJJ J^AJI 

♦♦ 

<yi*yu$ wui g* 



dJlil & Jfitti 1- f 

A3^)*-al _jAta.ilallj ^-ladiVI Jc-lioll (_jaaal ^-_jda^ja ( JI JjJaLill ^.aajjJI L_Uaall 

4_rsll LJdll £a (Jc-lil; t_ai£j ajlal! ®JJd' a dc- ^l*dl>U J-os. i lila 

AaL^a dla (_j-a ^Ltaa'iM i_LuiljS (jV ^UuaiVI (jc- <- laa^ll JJjJall (_jaua'iflj 

^j i J jii .1 A3^)*-al Idaa (jjLl I—Lolls!! ajla £a ^btaaVI (Jc-laij 4jjlc.jiAijLuii 

dll i jjjSII j ^l« »aVI ^ (J a*'*'SJ d (_Jc-laill IllAj .t—ftaulfU! ^sjaadi j ladiVI 

_j (jl .1 _g,».a~stj ajJ_II j ^lataa^l (jai l^dljiaj.HI aljij ^-latjaiVI 

A *_ulaj ^-ladiVI (Hli Aslla j ji Jc. dux -1 *H-all ^lataaVI Jjl Ji.1 ajdj (Jc-lioll 

. ^btaa'il Ig.xa (Jc-lioj Jill ajlall 

aj_all j_A dl_ijJfHVI jl dlJjaJI jl dljHI j ^l*_aaV I jAJ Jc-laillj Jja-ahall 

jaJ_1j Jl_iij jl i—dld a j3 jaadb Jillj a Hall j ^-btaa^l jjJ AJjliiall Ablaj^illl 

jl jjtill ajAlla lilli jc. Jdj .a-ilallj ^LtaaVI jjJ jLlilfLlall (jalaoll Jjn-^aall 

jl j_ jaV A _adi aj j_is Jl Ig.aJ-ixa (Jjs.'ij Jill j ajlall Jl AiiUall (Jajjj ^r.jJI 

£_a ^l*_uiVt (Jc-laG laA (jauiLuil jaadi Jl dUilc-liiill ^daiij .dllijjlj d!Jilt 

Jc-lij (Jja-^qiH ja ^ jia (jajd <djaaj . dliJJll £a Alc-lij j Aijsaaall dlajj.a~s.il 
(jjjill <-_llallj Aac-ldall dliulaill IjnaAlV 'dLall £a Lola. Ac-ladil 

<ut) Vnll qUhmaJI gbbtftfl Jt lu - K 

1 _gic-tia dc. P dlajaas j 01 dla ua~s Jla AalLtll Asliall dl j Ajjvaaall dlajaa~s.il 

. 0 J_gall jl (jjl_all a^jAlia Jaadj Jc-lioll I^J A~sjVi JjaUa 3aaj Igjli ejlall ^a 

■lllaJ_aa^. _d (jjj L*** us Aal'l-sa (JlfLaLl dbj j£JI L la.jTi lillil 4.~sjTlj 


U II AjldaVbj < — J bjJ^ll jl jJ^-IaII (Jjs."lll Jc-Uj jl J1UI j\ 4_ts^all 

^ adj a^Lall ( x-a Ajnaall Aju^\j Laba A*d! (Jc-lia dc. ^1 jd dlijjSl^l (jli bllj 

: Jj la Jl dlilc.laill ailA ^.ja~s 


1* 
















>lUI ( | 

I—g-laJj 4iUa ^^ic. L t ll».jll j-aTual Lgjalla jjla ajLall £-a Ida dlLaajaa. Jc-Liaa Lade, 
dll_5jjaJLM ^ dllajjafULH a j^J 4alla (JfLd (j_j£a Ollall (j-o .^jlaJIj ajjlla 

j\ dl jj (jjj_ j j _a I_gjli ajaaS Aa^jlall diliAiUa diil£ I jlj 4 ^ Aajjlall 

. laljll 4j«Jila dlljjjaJLM ad (JLa ^iujiJj Jaj.j.i^ll j_j-a (_£^)dl dllaa^i. 

: (H 

0 ^)Al_la (Jj_i-rQ'y' AaslS jaC. Idl (dlL<a Ua~> AiUa j)j£a Lade. (Jc-liall Id 

^1 lAjl^iidil (_g jlniia (j-a £JSaja AajljJI dlljjJJ^lVI (jU dlljl. (jalall 
jl j_ jaI (JfLdi 0 jg.’ill 4iUa ajjll dijj - 0 J^j JJ ^3 ajjll jj£aa ^^Jc .1 l_jl jiiiuil 

(_ 3 j _a 4j> _J jl A _aa^a Ajt _iuil 4 «.|^)-aaJI dlda Ajtdl l" utii dlljl dllaaj^J 

. Aaaudaall 

: ol*JI JU» £•* (£l 

4_aadll jjj_U 4j_j^_Jail diLaaiaaJI jjla a^)aa£ laaj dlLaajoti. AiUa jj£a Lade. 

dlLaa_aaaJI ^Jalaa ^1 (_£jja dllj j .a! _jall ^ala^dll (JLa-all j-a ca jiaj 4djjaJLH 

dlLe.Lt_uil (JfL—joU a^jiLall AiUall dlLaa^aJI ad L m.ja AaLUl l^jldaj 4jj-vdall 

(jl ( dlallfl .Jalall j <C.j_Jl (j-a dJI jl ^aJI dllc-Ltdla ^^aud A. ) jaJUjiua 

( LLala diLaajotaJI ^Jalaa jjfv: Lade-^jL-JI jjaj ^jljia dlall'ud^)all dllc-Ltdl Aalia 

Jaal_Jl 4j_Jail dlLaa^aJI Aalia (_£ jLuia (_£ jll j 4aUll (ja jfLaa La ^xlaC.1 j^JI 

.^UdiVI jjtda diLlc-liaa diLLc-liall ad ^^-adij 

■ : OJlil £■» a aUjiip r - t 

£-a (-_)jlaj a jiu jilaa Jlj] <ie-lJ.d-a a 4dJi d dllaiUM-^ (jla ^>l*j LaS 
ajldi jj-a j)ja^)JL/l ^1"'°.' dlljl <aduj L^a^a ajLall dll jjll 4a^jJI dlljjjaJLM 

;^JaLa (_Jaa^aj dlljjaL/l jljLij 






















Ailjai.aH ^.aja"ij (■_luaj lillij jlals e^Lai] (X dllajja-^ jjl jai.1 jjjfLj — ^ 

,jla CX Clllajja-s Jialj .(_£Aalla adall (_J^.Ia Aajyjaall CaLujaaJI l^Sjaia ^jill 
laj'j'ljaa IaI-Ib (jjfLjj oJlLaH dlljjjafUl £a lg.lc.ljj JUC 1.1a. (Jjls jjjfL: IgjI^J^al 
Caljiaaia ^.j.>a) Jbu qA iaj LgJali (Jjlill (_£.lall llA caxajj . Lujjj Aaala Aau3 Calij 

.AaaJI AjuajVI ^ (jjjfLila £jaaJj (. I^Jl (ja 
_jj]aj (J£l Lajll Aajla IgasUa (jjSj AjtjuLall jlLaaall jja Aa*aiall 01 CalaJjaa. — Y 
^jja> ,J£ (jl ^1 6.71 MeV (_5 jLaj AjUaJ a ClllaJjaa. Ca*_u Y Y 1 _ ^jjll^>]| LlaaS 

.AiUJI ajjll^}ll (ja C i».i i till j)a 

(jli tdlil 1.1a. AaaJI AauajLU ^a.^]jjLJI lAj^jjCa jjla 01 dllajja> jlaal — V 
lil^jLal A,jj.^aj~s.j,a'iH CaLaljllI ^3 ^laiajjf 01 Cllla)ja-vl Aac LJI A.a.jaall ^pUaill 

.(in — vivo) ^^aJ! ( -%ja>ll Ja.ll AjtClall jjlkJI 
l_uSjj 01 d)lajja> AlUa ( _ s lc. Aaa*a Ra $.!_jgJI ^Aall <__)LaaJ AajjjSall AilUaJI 

: 

Ra = 0.325 E m 

: aJUI AjlUJI (ja AaLaa. jjfLajS iajaj (_J ^3 CL a" llajjaa. (_£la Lai 

R m = 3.2x 10' 4 (A /p)R a 

Jaja^ll AjlaS pj ^JjfJI A.1*JI A (jl C na. 

. : dJllI (P) Jf 1 m t r 

Igjia Jcljjj ^^all allall CiljA (_£jj jaj aj.Wn Igjli ((3) dilauual AalLall A.i-vall >Uaj 
; ^JaL-o Jcljj] Aaajj (Jaaaaj. allall ja Ijjj3 Ia jjja lie IgaljjjjSlI ja jilajjj 
ClulS (jlj ^jia. ^)a.l ^Jl jjgaic- ja L '‘iL-yjj Lula j_j£j jf ((3) Cilia)a-\ (_£la — ^ 
_jA (illi ^3 L—UaJI j . (jaaLall Jaja^ll (_ja3Jj AiUall (_>a3j ((3) dllaJja^. djljjjjSH 

—lc- ( zigzag) Li.^)3taa (_£AaH tdlii.((jjjaSTil) ((3) dilaaja^. AjjS j».j.a 

. J3"uaa (JfLaJj lajla Ia I Aa (j_ 9 ^J J ® Cilia (_£ Ca j)a (ja^lxll 



















jUaj_uu (_£I du_uUJ 1_gjli aU_all dll_ijjlKlI £-a (P jdLajj.j> <Jc.l£3 dc. - Y 

4l*nm 4*dil .il jj jl Ajjjjll dlilc-lijll 4 .>jj,‘i (jjjjfil'iM (_£di 4L_jaLiJI SjUaL-Vlj 

. UK AilUl jl ajjK 4 jjI_)j (jj^KTil e_sl jjdl Jl Lf^jp 1 (ULilliuLajoll j \ J U H ^ 

dlLaJjol^. (JjKc-^Adlj JJC. (jjfU 4*juLall jjU^all Qj» 4*»d.all ^P^dUujoti. AjjUa — V 
- Y) JS — dll jd jJ. E max Jill Jl jd^ll (j-a daj lUL jj Jj ( « 

.(P) cjUj^> <—uL 

(jl dl JJa. al j ill (_K.U (j-a UUJJ (JJiUul Jl .ijJtJ CiUu»> 4aUa l—iliUi.1 L-Uuij 

JS—Uu 43jjx-a JJC. l^j-^al ji. (_£^J C llajaa^ j dl-ajj.^ Jl Jad (jjJjdll 
dlLaJ_uta. jSi dJJjdll (Jliljdl jdo J. jjjJjjd JliVU ^g-ojja UsLu-u Jjj-jaij 

dVUiJI J . E max ^.-aUo l^jaUa (jjfUa l.g.».^>~>L j (JliLdVI 4aUa Ja^J (P) 

I_gJ (jjfU J^l (P) t — 1 ^UsjjJta.j jjjjj jd jiiVI Ig.U^ J dljLU (JliUdVI AiUa (jli 

• E mean AiUall (Jd -0 

(P) uUa-a «^Ja (1 - r> JUI 



tr 

















liUii'i AoaJI 4->janLU jljjlilt Ia jjkia (jb |P|vliLiui^. — £ 

AajL-aa^joal! CjLujIjA]I ^3 ^»AaiuuV (P) CliLa uu-vl -Lic-Ldl AjtjauJI (jli tdlil 


.(in — vivo) tJ ^J! ^a>H A^Lall jjlkill td ^LJ 

jaliill jl L-jilaall (JLla. 4 jj|jud! £-a 4 j _^kjouJI dlLujuiaJ! (Jc-lij 

dlLajm'vll jl.jai.all (Jjfa cs^ AiUail jILLa ^ic. AaLu ^.^LlliiuJjj^flll 

dlLa Ua-yll jLoia( X — X j (JSjoiI £EjJajj. Ig.Tl^jai £J J* LS^ A-ijaLLall 

AAC. jj£jj >Jaa. jjfLl ^ <-XtLajjai-s. jLuus jli. «.Lall ^3 Ljj~yj.lii.all 

AAC. (jV I jjjoaS jjfL; CllLi jjjf^lLM jLaui Lai a jjii£ (Jjlall aAajl djLlc-liall 
4 j*_Ua 1I LUall jl-LLa ^ajoj. la. j*ila jLjiaII jjfLjj Lois (JjLH eAajl dlLlc-lioll 

- Linear Energy Transfer ) Luiall (J Ja^JI LUaJL jL^J JjL aAajl 

.(LET 

o . 4MaUaJI dlj a QLtab*«ift=i Ml ^ QLAab*«iftll jLm ( f — f> JU 

J^u 1 I<) iliI -g Mm <UbMI gsL^Ml Jm M^MI ggjlMMI - tai.MeV 


125 1 JMdl 





25 mbi 























diUuii>lli AjjlLa A_Jlc. LEX IgJ A^^LI 4‘nJajll j a^j^ll A.Wjgill dll cjLjj.ii•%Hi 

AiiUaJI dll (jjjjSlj MeV ® AiiUaJI dll laJI dLajj.a>°l. 4d_ilJI 4_pL.VI j Aaj^uJI 

a —slial! . Jlj_d]l keV\ M m 0.25 j 5o UjIjL. LET WS MeY ^ 

_ulall dLaj_uiaJI <c.j_ui j_jafnl jja.'n jLcall (J__jla 4.Vs"n,aH AjJa's.lt 

(J_ C-Uj (_)£ ,_^3 kij~yj.jj.aH dLa Ij.j.i-v. 11 kiUa jjas (Jj]s (. j^. (Jljj. jlj-doill l^jL^aS'l j 

ajjl]| (Jjdi tj-L. eJliJ tdJj .iaj isliljj ^aJ jLcall (Jjla ^^Ic- ^}>JjLjj dill] 

^J_dj (_^l 1^)3_ i-<a dLa Uji-s. 11 kSUa ?:. udi L.iaj ( Bragg Peak)(lll^)J 4-a3 ^..auiTi 

JLm .J cd_^ .Ji SI ICRU dld^jl 4__iJl*ll ki*ll. k£Lu 

^—k*j ad. j]| jjLj a! Lineal energy a j^Lall AiUJI j»j rdkj^uLE I 
ksUall jjjj 4. u.i il Igjli adJI ailA lJj*j.(RBE) ^^^jliLdl jlitill kjllajjl Ala*. 

L_U_uijjll (jVj. —acvJI ill_Sj _jla3 (J.da ^1 0 Jj.ii ill jjx jjja-a f y-s.s ^3 4_aujjlall 

aj uil-La]| 4 sUall _ gjLa (jl 3 illlll.^ljLaJia jjc. jjjfLi jfLu j j5j.aII 

. LET ^ jl jjJI j jdl (jjUl kdXa jj£ 1 Lineal energy 

ojIII & UU <u^*il JcUi o - V 

dLaj_uisJl (J_C-lij jj_C. ^4aii_uJl <ad'il J Lala. 4jdil^ dlijjjill (Jc-Uj u ll'j-yj 

jA La£ b^joiLus 3a j. a jll dll jj (jjti ^JJaiLaij V dli jj jil I j)! (■" lj-s a-iLall £-a 4jjs.iii.all 
dli jj jail (jl (_$\ a^joiLui jjc. ajj^. 1 4jjjai ‘^*-‘-“1 jvaLU dLa un-vll JlavJI 

^j 3J .A uiij Ja jl Ja Ui_j]| (j^i 4_u^)ill dll jill dljjjjf^Til a^.1 diLl j»j3J 

(jc. <—LcSlI (_Lc. ^jdl (illil iajoi_jll dilljiL (jjld Li jjVI ^1 jjVI jl dlijjjklvi 
td_Jj ^1 AildaVll. (_JjiLuiVI IL 1^1 jJ^lill jl ^jj^all dlc-ladVI 

LaJ_ic- lalS IgjiillJ Igj^aL-all-al ^J! (_ 5 ^jj a^Lall ( a-a Ajjyj.ljall dLaunvll (Jc-lij j)li 

dl_i jj_ jall (j^lj .’dLall lL-L J,W.a (_$Xa IgJ jjjklS illlll LisIS L^-l-^l (jj^j 




























(jjfLi I 0._lna iV aAjoJI (_j£lj (j^aLall -lxui_j]! L J l,aj.ji ojL^j aAiuil! ^3 (j^asljjj 

Ai_j^_uAall dlLaJ_uiaJI (_£A_a 0jJa jj ^V‘— Y^ <_JfLoi. aALall ^3 A.Wja jjc (_£Aa 


.aALall ^3 LoLi. 


Jl (Jclioll A’Nj'Ti JiSlj (<jj^J(ill) ^la-ilVI AiiUa (jli aALall £-a dlljjjjll (Jc-laij Aic 
tilli! ^^vll 0_iJ.iiill JjlJ^.1 Jc ®.J-^ IgJ ( -LAc-L'-“V! aAA.4_jAall diljjjjfHVI 
AjsIS p-Lt-AiLlI AsUa LaAjc (_Jjnaanl (_£a!I j Ac. Li mil jl (■_ Jail ^3 ^j^inaall A-a^-a 


. (_>Axi^)-all pufy (j-a dlLt-uLM jl AjVill 
lg,'i.a jLLill (j^lj Cj^xlclaill (_j-a aAjAc J _jj| aALall 0-a dlljjJ Jll (Jc-liil (_jAjJajj 

djlll j UU <u$^dl (^UjiiQll &M ( f - t) J&ri 



f 

(Photo electric). 4y^aj^Sll oJbUaJI -I 


■lie aALall dl J (j-a dlLijjjflll C llx i'll a^Alla l^jlj AjJ_^jJaj^j^ll a^)ALlall 

_aj a^)ALlall aAA Jj-a Vi Jllj. AAj (_£A ^ > njlalia^a ^-Ltdl -lajni 


L-L. 


(jjj_jfHVI I_gJ.V».J Jill Asliall^ aALall (Jadll aIIa (j-a ^}j£l dlljAjJll AsUa OJ& 

















dll 3jj A alia (jjSj LaAic. a^Aliall ailA Jj-ad) . ^ al^jjlL <iaLuj! j-a (j-alVlll 

A L£ A alia (j-a Jal dllj jj j$\\ AiUa (j! (_^l ^ojLall j_j-a Ij y*\ Aiila 

• ( m 0 c“) 

ojJ U AaldWI dlljjjjSJVl .la. I i—Sdjj lg,»„aaLi iaaLJI Olia ajil! ^_yx Id 

A ia.^a dlbjjl .lljJJ j ^j^jJall (jjlj dSjlLail ^..aj.aj^ ^ jlail 

(J_aijjj 4jlfLa (j-a (jjjaSiLfl ^1 _jj Lade, j . .ajill ^j^jJail (jjjaSiLM jlLu Lade. 

^jl j! a jj-a-a AdluJ 4j«dil dladjj jldii! lilli ^1 ^^Jc.1 Aiilia (j-a (jjjjfLl! 

Cj—3 fi^JOLQ (JLla alLall dll ji (jjjJ u' 0^4 (jls l^)dJ j. 

. Idj dllxuaa AJLa 

(_^jLuu ( K.E e ) ^ 4ilkl! (jla filial! iaia jjjlii IjLuuiI 

. (O) "i jiJL) (jjjjfULH iaJ_j 4iUaj i-a'aL.i'l ^hF) ) (jjJ_jsll Lalia (jjj 

K.E e = hF - (D 


<Ly^a^&SJI ojAUaJI oalll £■» <AU$a$aJI J*Lu - i - f J£*j 












Ajl-o L' uallijj -lajoi^ll (_£jjll -1.1*JI Aai^dj^iHI o^j&UaJI (J 

pladijU <llal AiUall (j! C nrv l.jj-aPc. L_lulliLUj dlijJ^jill 4iiUa ( ^^Jc- j Lp^)la 

^_d^)*JI ^JaLall (jl (.".n^i. VLa'Wl jj^I 4jj^jJaj^)£illl a__)AUa]| (_)*.>j (_£j. 3I .l.l*Jlj 

^j^-j —all (JjUI (h) 3j.il! j-l*JI (Z) (jl <■" nn (Z 4 A .'^ i. ua^. Lujiai jjid <_ic.Laiii 

(j-o Aaslj p jJ-lS (j^aL^ajlt ^.Ivuaj L_liuill ll^Jj. -lasLuJI pl*jaijU 

LaLi. AjuoiIj A) mail AjuoiVI 


: (OjUsmiI) OjJ&Ua ■ h 

l^Jjla allajj ajLall ^lc.<la3UaJI dlijJjill Olial! jL-aai ajAlla ^Jt> 

jjlak ) ^ Y V ^Ic. 3 . 1 I! (jilajS ^Ibtll (3^3 (j-a l ^ Y V ^le a jAUall alA dsLauSt 

<J c-lijll Id ljUij'i ajj j£ ^JaaLall dlijJjill AiUa jj£j . <—sLoU^'VI IAgJ 

4ij*jJa l^JaLujI ajii jjSj (_ 5 -^l J ajiU 4_i^,jlaJI dljjjpSJjfl £-a dljjJjAll (Jc-lajj 

dll j jj jill jy j ^jl_dill j iuu .aj i. dl jjji£ll UjLuc.| jfLaa L-n-vj Id. 

ajLoia jc. idjadj 4jslia (j-a f. ji. .lliaj jjjjill jli . Li^a LalLdi dljjjiSljM j 

(jc. ^1 jjj ^JasUall dlj Jj jail Aslia (j-a £ ji. L . Uai^l 4jli jjjiSlj/l Laj • ^ 4-Jjl jj 
JasLuJI jjjjill Aalia (jli Aaliall -lad jjjla (j-uiaJJj • dj-all (jjjj^VI lijfLa *jil! 

(_£jld E 


E=E S - E e .1 

<J ^ 

jUadi-all jjjjAll Aslia E s 

(o-Y) J£Ji djdl jjj&lVI <aUa E r 

. ( ^ s Jj3LaJI j j^asVI (_g j~Ua.aH ^3 ^adjlt l^d jjill (jjflai .lie. 










P=P cos <I> + P e cos.2 

0= -P sin <I> + P e sin.3 


jjjjill P q \ uai. P= my —>• P= 2E/m jV j 

Y* j Y j ^ 

/* - a = h/m„ c (1-cos <I> ) 

:glA)SSI o>AUa 

(1.02 McV) (j-a J a dlljjJjill A5Ua (jjSj La-lic. a^)AUall sAa (Jj.-'Ts."' 

^Jc. al (JLs»a]! jjjjj a I jj]| ^oj aJL^JI a^A ^j 

s"i-s. ij diljjj 

o>AUa o - X J&*i 



iy>i.l g$>£Jai 





)Ia jlllLa AiiUa 4j l,ag,'l.a J£j jjJfJI ^ Jj jJ AjiUa ^.iddij 

^A ajAUall ailA Jjj.^a-s. i A-ajV AiUa Jal jjSia tdlil .(0.511MeV 
(jjjjjjj^l Lai .^ r . jg . M I jl jjIaSL <jaLL jjjijJlj jjj51VI dii. 1.022Me V 

dll A dbjj Jli j-a jja».jj I Jjxi dbjJfJ^I AaJ £»a Adllj Aaslla bib Ajli 

jli tilliS a-balb ajAllaSI aAA ^..ad j jjjdbda jjAldb. 0.511 McV AiUaSI 
(Jc-liill J_jxi (.-iujjjj ( jll Ud.j 1.022MeV Ajdbllj dbjiijll AaUa 

_ jjjjSJI ^ jj JjLl ( (Jc-liall Aalld-J ) (Jc-liall < _ s _da^>jeJI JaiLaSI (jl 

(_£ jiSI AAstSI dli (_)-£aLall 3-aj.j.i J A„ag,.a ^^£3 blSil Z” + Z £-a (J5jd L—UuLlu 

.AiUaSI ajhjJ (Jak J5 j.1i } Jc-liall j^gdajjdl JaLaSI bllLS -ll-Sjjj jjj5ll 

^Iami^U 4iljjjyUJ11 - f 

jjbll ( JaLaxl AdVi. A_rJI A.-ydVI L_u^)d Jl (_£AjJ jaj-aSI ^LdLU (jAa^)*j]| 
(_g ji'Wi dljjja. jl dlji ^^A aj^JI jjAjItaj^JI jjAaJb ^^ajouLa jj£j 0J^jllj 

JjUjj jx£ J5d LjLaj5 AJUi j JLj ( unpaired) Vj-O* jd dbjj&SI 
.Aai^)d Jl (_£A jjj ^^Jl 0jdll dlllj2i.j dji £-a __)jdjl jjjb J JidVI 

A-alj_d jA_SI (jAaj_*bSI (Ja _*-a ^_lc. Ajl-vll (-. Ijjd'l ^llll jl^dVI (_$A*a Add 

jj _L^a3 dl3j J A-aidJI AaSUtSI ^ jJI jli LLLaJI ^Ldal Ajfdlfda l_jjuUj. AjldSI 

d d jd j 1 bui jj 5I Ijjd c_ud ( acute dose)ajUJI ^ jjb ^g-ad Jll j 

. Jjjla jx jj j5Sj £ jjl (Jjlij Jl LLUJt 

: jjC- jj Jl dJI dljjlSSI J dl^UdJ ‘djjJI jLVI r»j.aVnj 
( deterministic effect > 4*aiaail tiilj^UI:- 1 

jSI j ^-LdiJ ajl.jdll dl jiiUI Jl ^^aJI 0JjdSI lg.ja\"u«j jjll ajladl ^ jjl 
_uu 4 li*-a (jji jl dc. Jj^adi dl jjjlaSI allA .Ai».J-»sSI dl jjjUL ^-ad 


0 * 














diljjjl_lill jljjjj L£)liLll (j-o a}*J ^llc. _j^y^ (_gJj j Am. II Ac.^^. 

-^aJI J))j^ _La ^Jc. a^)dLui jjjliill aAa. A<u*Jj. ( 1 — Y^ JfLai .Ac-^sJI oJlljJjj 

_ll oJ _C. jg.J-Vl dlljjjlall aLkj .^jooJI (_j-a all c-^jaJIj A-alua-all 


_jdl J j dl j-a 1^-aAl Aaliid-a C .ilil^aC. L. t,ua i Aj.aW tjj.i/;.i (Jud-vs.*! j (_)d^)*ull 

I j £^a ^la ujVI (jlS Ij|I (j-a Aullc. dAjjiuia JI A-yjTu l^aUaVll 

_LI (_^Al JiSj-all jjVI o-Ijui jl J jjj. ^jd^jaiall 0jj.ii 'll Alblaj L la.j.>a i Lis i_slS jLL 

^jJts djljjjtill oLk . jjVI ILk <dlAm.II (_£ juu-a Ac-^aJI djjjLau Lal£ (jd^)x-all 
(j-alddVl <ja 1 Ljjjja. j^ki jIjI ^.a j ( Early effects) ^U-Xll CjI jiib 

. ^jd^jaall j_j-a ^u-a3 dl3j Ajjjjjall dllc- Ix_iIl/U (joda^Jt-all 

Radiation ) £-1*-^Vl (jdlj-al- J -uU I-a ^11 (jjjJajxlall 

A _auLill oJS_Lt-all jl^daVI (jc- 0 . 11 -ajL^>ja AjC-laduVI (_jdl^)-aVlj ^ SickneSS 

.^laduliU lg.jj>a^)aJ .lie. Lllildll 


{UhrfUJ <btalaaJI (1 -1> J&*i 



oi 











:4 jx laill ljIjjjUII <j*a j 
Blood count depression fOdJI QljS gaaUi - 1 

t_U^)aj ^J| JJ^I jl dl^jilu ^ lAjlAlLa 4£.^)a. ^1 ^j-uaJI j»_j-aC- (_jAa^)aJ 

^lail (_jc. oLJila. J (_£a!I ^JaaJI ^Laj jl ^-ladiLiU JjoiLutaJI JjjlLaill AAaJI 

c»lj,aa.H j frldaoJI ^»a 1I LJila. 

: Depilation taaLu -t 

jjjl_ill lj_A .djjaj_ui £ lAjlALa Ax-^a. Aic. ddjj^JI ^)a.dll JasLuU (J.L^aa.j 

oA_jAa. ^)adu LJila. ^tliil ‘—S3JJ Jj (_£Ojj ^^ullj ^)a_dll dj^Lu^aj L_aU 4.a.jn 

A^-^jaJI (jjSj LaAic. j ,6 ^)j 3 Aaj AjAa. (_j-o ^)a.dll (jl jjfLaJ j . ja.dll (jlAAS £-a 

. Lall A j)_jfLi __)a.dll JasLdi jjli di^iuji V 

: (Erythema) dJaJI j jl>ttl -t 

A_laJI jjV Uj _uU A _Jlc. 4_lC.la.Aul £-^)a. ^1) (jAa^)ajll die. AlaJI jl^aa.1 Jj-a-yj 

Ajt _uJ/U 4j_udlb 1_uajaai C^joiaJI ^A ^>a.l ^t.,nd (_^l j)-a jj^l ^laduliU (jia^ja^s 

(ja jj£l jl dl^jiiau ® LkjlALa 4jAliLa Ac.^)aJ (__>Aa^)aull jjli IJl Lala. Ajuiulj 4.jiuJl 

A ic.j . ( LajiyjVI ) AlaJI jl^aa.1 ^Jl (_£Ajy 4_uAaliadall AiUall dll A 4 iuJ 1 AjtdVI 

. Ia^)JC.j dllajiiill j jjj^aJlS (_£^>dI ^jAal^C.1 jgJal jjl jjfLaJ “Ac-^aJI aAljj 


(Radiation bums) {Ufati^U -i 

1 JiLa, l_ klj {_£Ajj dllJ (jli jd£l jl di^Luui 1 * Jl (Jaaai ^>aj (jAa^aull die- 

. AlaJI (_3^)a. jl^>dal ^1 c£djJ ^Jllj (jAa^)alill jja ^jji-aS jjaj Aaj l^jj-aj AlaJI 

i£>S>U o mtll jU^ll - o 

l_)j1_adll (Jlila. jja ati^jll (JLaiia.1 Ajjj aA^ladaa ajjj.^a) <JC.ladiiVI Ax-^aJI aAljj 

ei_Jj Aj—a.j ^^jiall (j-axLJall ^Jal (_£Allj Ajj)i-s.xll dlliljjaJI ^Jc- Clu^>a.l ^alt 

(Jj a. dll ajlx-all aAA j_j-a lAa. (JjUI dlliAj . (_£ J)S^)-all u^aa.ll jlg.a.11 

^-^)aJI aAA (jLuiiVI 


or 












. Stochastic effect <yy *b4iJI : - X 

^^c-la_ij dl_1 A=«-ll (j^a^all Oaj JaHj Jill dl jlH Jk a HI dljlll 

aj_& (J_la jl_2 Jail jm's.lj tajjjl 4_iC.lall Ax-^a. Jl J Jll (jiajaj JJ (_£.3 jj 

Jl I jdajaj 1 j^VI (j-a 4c. javal dlrylV I j dLuiljll .AajH JJC. dl Jill 

Jaj_all (j_a jUaj_11 dll Jill_uil jjjaj 4llal Jj djU ^-lalVI j<s Allla 

AjlaaJI dLuiljl! jl £-aj .AjC-lalVI 4c.^)aJI aljjj AJllJ Ijjj (_jHj ^J-lalVI 

^la_lij Jajall jjfl Ax-^a. d*.jj V Ail Ja Jal Ail V] Alls Ailal jll ^)JI 

Ilk .ejld dljlti Jj iS^jj 1 Ala di! Lag-a Ac-ja. J (jji H . llal bklc. 

£-j_aJI £_a Lpja C-Uallj ojtda dljlti (Jjt-a^. Jl jjjj dl Jill (j-a ^jjll 

Cf.).Ia> 11 All jla.ll dljlll (Jj^aaal lj.Alljla.ll dl Jill ^■■aj.uj jll j A allmall 
A1 jia AalaC. Jlaj ajjllall IAHI jjlal Ij. (Jjl jl jjO A.a.a.lH 4 mI- s.II jj jjd 


.(V-Y) Jll.jUa^ Jl 

gU«i2l Qljridlii ( V- X) J&rtll 



CjI jjSUII 


£ - 

» Jlla CjIjjjU 

MmIjJSg CiIjuU 

I 

AjIII Jjd 



or 


















_aj (jt 4_rdl dldlfdl j jldVI Jc. dilc-Uoli'yi jjata Ji Io£aj 

A.-san ^Ltjai^U (jja^)*jdl (j--vs.jaill jJ djl jjalall aOA J-%Ti jjl (jfLaaj . IJlidl 

Somatic A_ill ilia 0 _jAjc- dljaal_all aOA A^m-vl Aajbdl IJadl idlitaj 

(j-adoill Aallall (Jlji.VI jl ^IlVI Jj dljaatall aOA Jad (jl (jfLoa idlAS . effects 
AJ j J cjI jjjfcll .hereditary effects AJjJa aiiic. dj*jj _K>j*adl 

^-»j.ia'l idlil.4jjydl dlc-tjtjJU (_^ia^)*jdl (J-<ts.jj 11 AaLdjull pLjaC-VI IJld t-_klj (jc. 

; LaA (ja/ud Jl 4 jjI j|j.lii«.ll dl^yjlall 

(Somatic Effects) Aaalill dl Jjldl - I 
(Heredity Effects ) AJ jj ^ jdld! ~ ^ 

: aUUUl <yyUI *\j£U\ - \ 

Clll.Wl_Ull ( JI (_£Ojaj ^-LlJ/U (jjd^)*jdl (_J-djLjjVI (J& Al'S.n'dl dll jJjll (_5^J 

aj aall (jl d J2k . (laajJll )^»dl (jUa^)jJ Ic. jajj lAjaSI (jUa^ull (_ja a pi J 

_dl (jja AjIaj (_ja 4aiaJ ejjall)4jjj ® — Y (_ja ^jljaa (jja^dl I.J Ajalfdl 

A _Lalfdl IJ ja3 ^3 l 'ah's. - ! p Ltd'll Jjaj (_£^J JJ djaaj (la^y^jj a jjg.l-a Jia. 

aOx-dl jt jj Jilt jjadJI jjUa^ui (Jaa 

Ijjac-jj J] AJill dljjall f -dan 

The early effects : 6 j^ll Ql j^UII- 

aO_c. (jaj ^jl Ja Aaiaj aja Jlild. Cj.hCi Jill dlla Ji> pl*jJU a JJ1I dl Jilall 

j)_aj (J^l_i. dl^UdVI ja ajaJ Ac-^yd (_pa^)xall <d3j ja ^J-ul aOC-j dlc-Lui 

ja ~jd «. j^. l —si jdjd J] Oj*a dl Jitall aOA l. iia jl (“dala dlc-La aOal) jaj^aS 

« # # e- 

six.xs ^j *jJ . _u^j| jdaL jl £-i-a jl Ig.m UajaJ t LjaC.I (J-^axJ Lila. 


01 









jl 4 jj _a^axll 1_jd/laJI jl j^j-alaxJI ^laull Ldila. (- s\"i Jj ajfLudl dl jjjtdl (jdl^al 

.AjdLaaSI 4c.^>Jl l*_u 4j^*-aSI Ld/laJI 

The Late effects o^Uil jldill- y 

dll_laa-aj dj_aj dlSilc-lLa jja (■''' m. n^all ^ Ltd'll jjC- 4ajldl 4c.^)adl dljjJjaus 

j) a _j jj£j J sl jjA ^ladd/U 4jjJalt j 4jC-ldaSI dlsi jJa'dl jja jl 4jj^dl 4sliaSI 

dl_C.^)aJI (jl j_JC. .^IxjoiJ ajfLudl dl jjjtill Jj (jOjj jdl die-jadl dV-d-a 

_SI (jOjj 03 jlax-aSI (JoA-dll Oic. ^ Ltd'll ^ (jaLalxll J jOajxaJ ^dSl 4daiadaSI 

.^uotail (j JaJI (jjua-all Jc- (Jc-lid (jjjJI ^IxjaiVli .\u«.jH (jddl Jc. ajlda jljl 
Jiljj tiiu dl jjjtj LS^J ^^c-UdVI jjdaSI Jj ^ladVIj 4olaJI jjjj dlSilc-liaSI 0j3 j 
: (_^l j- 0 £Jjl Jl dluLaxSI aOA ^uid. 4aa.jljjLiji 4.1 jl-aj^t 4dJ dlijfLa 

: <yyl^y^l ^yyUjyiJI dJftJI I 

d aa. ( A jjlj ' ) • Jl j a.) JaSS 4_plSdl jj-a ^lold I «. ja. 4la. jail aOA (Jjjxdd 

* j)j Sj (_g all j «.Lall dllijaJ (jjtall C'.l.laij 4jl-s.ll J AiUall L_baijjj 

I Jj La£ a Lad 4 Ua'llLl 4jLaxll aOA 4jloS jjfLaJ j. 4alaJI 

HO - >HO+e 


dl—udl jjj— j^I j—A 6 j ^jjjjjO— J^SI) S- 1 —a. jail jjj— jVI jA H 2 0 du 

<u$Ua£&i>kiJI -H 

jajail dlajjVI (Jc-liu da 4dlj \ » Jlja 4la. jail aOA (jjaldj 


jjj _ iVI (J _ldd A _adj aOj-lJI 0 j| jdl j)a 00 c. Jl 4 j 0 ja (j ja.^1 a.Lall dldja. 

:t_aa._JI jyajjAjI jjjl Jl t_ja.jall 

HO + - >H +OH 


00 














(jjjl jjj -IxJ L<u3 (JlVi'A Aklsda a. La Ajj^so Jaijj (j j^ySJ^\ jA j c_lllxdl (jjjLMj 

; AulLoJI .'UxAj^.'ng.H dhjjl (Jl V ) ajj-hJ (_£.JIj aLall l_JIxjj 

H 2 0 + e - >HO 

HO - >H +OH 

(jj—JjVI jjjj— jVI Aaxjjj OH j H j OH j H + jA (Jc-liJI ^ulj Jj IJjj 
j H jLdUll Lai .AuHull Virile.liiill jj- 5 LJ oik-all aLall ^^3 £jail j (JfLd 
jj& jjj&ll WJ J J ( Free - radicals) sj^JI jJJI Lajc. Jki OH 

. AilLtall aOj-lLi t _ s ^3 JLilLij . 

(J _al _j*ll (j_a ; (_^L1I dl.’luA j^)JJ jA j (Jc-lijJ _J.I 0 jlj cJljAj 

. a.*; VII aJUJuLlI 

OH + HO - >H0 2 


■. <UaJI 5 

Va^-all Ajjjd*JI dlii^jJI £-a gjl jll (Jc-ljj JLlV Jl (jlj!i (JJxldj 

aO Lt-all dl Ll^jJI a>^l^a .A3 a.~Uj.iVJI Jal jJtllj a^)VI jjAsJI (jl LaS i A, J-s.ll ^3 

Aj uilxa ^ 3 JajJI aS Jl (_£Ojj Loa «.(_£ Ju l.g.iajjj dj-s dLa ^xaj-ajjil] 

(DNA) Jl UJi J jdl dlojj aLJJI dldjjl 

: .A 

jj dll d Ji Jl jjjixdl dl JaC. Jj Jlij (ja dl3J jlAa (jjLajj a" na. 

■AaJ j) j$Li Lai ^A j A.) J-all dll _jjjIj 1I cjlj £_uj . dLa^jxx^j-aj Jill 0j-lLi j LiJliJI d_j-aj 

• l_y* I^C-LM ^ i. Ua^O AjjJj dl jiiti jl (jUa^jxall J J 


01 



lail Aaiallall AjjL-o 


dll j nj.'lll ^ i — Y ^ (J j.wll ^3 ^jJa_j-a La£, 

; ^J| J3 o-ic- oJ^LaJI Ajl-yll ^Ic. jjjlall 

. 4)\-v\l UjaII ) 

. 4)\~s.H ^Loiijl jl £-i-« ( Y ) 

. sdi. 3 ]! i^uji Jl jSd jjiul (r) 


ov 



wJUJi jriayi 





aUbhtf I & ' - r 

J 0J£j]| jl (jjlall a^)Alia djAi. ^^ic. dlc.lx.AlVI (jC. <ddl]l AaJXJ 

la]] t"'l ^ u,i«v Jajd V'f- Vida . jg.jlc. dlc-lxdVI ia jkjoi Ale. a_LAl£i]l ajLa dlllja. 
^gZ 4jjauialji-aj^)^ dla>j-a jl 4al jjVI ^1 jjVI (j-a AAc. (j-a aAlall j^lc. Ldj 

_Sc- <laaLuJI dLa Uj.i-s.II AiUa ljA^)ia <ij jjVI ^1 j_)VI aAA AAc. L_luiljjjj aAlall 

_uJl (_jjiIj3j (jjlall (jc- 4^jlill dll jjVI jl dllj jjfUV I ^.a-v'i Ale. .tdjoil£]| aALa 

AA C- A a^)x-a (jfLaJ ^^cjlill jLnll jl) ^I Jji I aAA (jc- Adjlill AjjLi^il]! 

^ j 1 j^ic. l — 1 ^“l^]] (l)- 0 aAAxa-a ^1 ^A-sid j . l^Aaliaj AjasLuJI dLajjaiaJI 

l _JS_uij t _uiVl 4_alia i ^IxdVI aAjai t ^Lali. — Id — lill) iaaluJI IxdVI 

. 4j.jjVi ^dall jAi-a-a]| 

dl jjjIj jl. ^»VlaV I AlA jjujI (JiLa AjdlA dljjjlj ^1 ^Ajj eALall ^^Ic. £-lxdVI dl jjjIj 

■ 4ij.a-v.all ^C.lxdVI bJ)£^.I ^3 LaS a^)Ac. 

“UAuaj aAlav jlc.^ ^'IduVI Ig.x.ja (Jc-lijU ^ull o-lLall (j-a ^^C-lxdl L <*al^ (_£I (jjSil 
(jjLauaJI ^vs.-vllj i-aidi. AlA*l] jjjiljjji-vll ^avavJLi ^gAuij ^^iillj (4.L.a_j-a 4_uu aALat 
^j-a jakVI a-J> 2 >Jlj 4jba^)]| duiulfl]| aAallj i— aVlxil /j^j.AaTi ^ullj 4_uj£jj]| dljjfLall 
(■_ n-Nuai aj)£^.l u_kjoil j£ll .4jjjj^fHVI ajIdVI (Jal ^pl jA ^^A a qAjjlSJI dljjfLa 
^Jl (jjjjSlVI Aiilia (JlSilV A’s.j'Vi aIjJJ 4da-U IaAjIjJJ (_jjja1I ^IxdVU 

AAC. ^1^ Cps)^^' c S* J-iC- Aua'lll ^-adj aIAjJ] (jaiLavll ^Jl 

cps\ dps = AlAailaalaSj ( dps) AaIIaII ^ dVXajVI 

Alkali i_Luilj^ilji “diAaJ-a^lU AjjliJI i_LuiljS]| ^A ^■l^ll 4j])lj ( ^JI u lAll ^uaikjj 

.4.U^-»^a]| 4_uu 


1* 








<ujLdl r - r 

> ^ 

l_jj _uijj a.3A ^3 jliJI dlljj £-a Jc-lijj j)ls ULLai Ivh-vV La£ 

jyl all 4,-^.n'ij . (jjjj-ajS a^)AUaj Au^jJaj^iHI a^jAUall (-. Uju'n dllj jjVI lilli 

(j a (_£ jl iJI L 1j.'Iil£jl j) j)^"l I. A-JLuJt djljjjj^Jj j Aii._J-a}l diljjjVI (ja ^ jj JlljJJ 

jlc- La^Jujj J^>dVIJ JjjlfHI (JjaJ LaAAi.1 jjjjl jja ^glc. LSS^i J 

(J_clsull jjjjV (> _ s ^ (Jald jlc. ^l.'lAual (■_ Um (jl . jjjjjjJI (jjSjVI (J-*' 4 

(_JS_joi . i LuilSJI (_j-al_jd ^jjujV ^JlaJljj jlill ^Ic. -3*-S (_ji3I 

i-_s_dlj£ll JaC. (_jjiLoiI jA jliJI ^2 Aii jjVI ^IjjVI jc- i-_LaiSll — 

A)J-ilj3 (jjjJVl (jc ^cjlj jyj (JLa*a <_}l.^aa«.~\ j .j.i' (jl C~ UTk Aj jliJI 

^gjl_L_J 2a£]| _1c. dlljj jjfUVI L_LoilSJI (jjj Sjainx 

AiIa]_jiJI dulS I jj C—llLud! L-iiaslI Ai^._jall dllj jjVI j ,)i>_^all 

.Aii.j^]| djlijjVI <jc d)!ijjjfH^I (Jj^ail Ajal£ Aiila-all 

£>yjl£*ll §j £jlaJI t£«i£ll ( \ - f) J^mi 

jl* 


+ • 


• - 




taadLti J$J 













(jjjSil dlljjjVI (jJJ ajlc-l <Lla 4 jU J^ <—ul£ I jj 

(J-aauj (jjalaall jJJ £}J& <JUJ! JalJI AJU. Jj jlc. ajj 

• UJ^ ^ l H-a-a 4jlS j L_LailfH! 
AjUj 3 Ig.Jaaj (jc- dlljjjVI J.-asl 4ajailxa]| AjUjll jV'i'v.") (jl (■_ iTkj tdlil 

Ja jjc. a^ljaali AjJafill ^UiJ jl^La Jc. iQ-au^' AlJalJit 4i^x-aJ 

jl^La ^)jju <-_Lil£ll _jl (jjj aj/iui< 4aial_j3 JjaLjj ^jlc. (- 'lj.iiIS i^.lj A-ajlLall 

* * 

^ ^LiLaJ A.t>ij'lll JLaJ aj_j^-a ^jLu Ja^ J 

. l_LoiISJI _jl Jc- Aiala<all a^-aiu-all 4.)3a\ Jll (Ja-aJ Jia^t j 

(^ * — ^(JaLi-a (j^-a - ^ Jj J-a'vll ^guVi q \ Aau^aJiJI Jlaill 


(_))»./In II 


<U)£1I *U\**ii <yaMil 4*bl4*JI o-iUJI JaaJI ( r- r> Jii 



AalaSjill 

















: A AaSoxq — ^ 

ClAjjjVI (3 -0 5^J)^>^ (j^ fi-ilc-j c"i.Kj t\jhui 4jJaia-Lo A_ilal^ill Lo-llc. 

^UjjI lAjLajI jIju ^3a*x> (jli tilli] Aa.-UiiS .CLiljIj ^±2fc.^-oII 

A i.^Till djlc-l (J3 j A.Jaljill a-lLa^Jj .'ju>ii (_j1oA*LLq A.Jal^il! AjJaij 

•<SJ^ 
i B (jjtiJI 4 qI^u — Y 

4 I'N^-oll <—J|3—_jj^VI jj_J jL_^jVI 0 ^ cl (J n'lViV 4_jliSJl 4_i2l Loj AjJal^ill '^ c ' 

^^-ojojJj ^ jj^l) C-Luilill L_La. jA\ L-lIaall ^^ic. CllU jjjSLIVI ^Ua> Laijj SVIj 

> Jl 

^I^C. j! c. <UalAll s^A ^3 JitllujJ (_£-i3l L_kjoil£ll ^-LijjoVI VqJVlxn <£laL<JI a.lA 

• jjtill 6 

:C nil Aiialo — Y* 

La-lic- ClAjj^)j£Wl a^A (Ja>-3M (.** n*s Ajli£JI A_i3 Laj AJlc. A-JaS^ill U-3^ aiA 

* % - 
_jl_*JI dl^p dljj_jjf^ll £-a ^JllxL^aJ 4j3l£ l^lisila jjj£jj (_£^£^all tilLJI (j^a 

(j£_d J j _S^n ( _ s Ic. <*_aadall dlj jjjSilVi .lie. 1-ifLfcj .is.ll.la 4_ljjj| ^Ijjl ^tijV 

ion ) dll_j j/^\ ‘Cat!_Ja-aJ lil_li ( ^a _ujJj A _Jaljill ajl_jj £-a i. Jmi Yn jl-lLaJj jjj£ 

J> 

olA Jit.ha'l ^jll i_Lil£JI ^..a.njj l„u>Adll 4llad 4lialail ^-ad. (multiplications 

. ^gJuAjjll -I Jlxllj A aU\ C.l 

:D j£jl£ 'Cllaia — £ 



1 gj (jjfsil IaiIj aS^^ *Q ja iti.aH dLaJxuaJ! ^li» -a (jlj A jlal^all jljJp LaJlic. 

alll_ iJj| JulJjl ^^^ifLsLa AiUall ( j^ l^J alllijjl 4j j£^i jlill Cllljj_ja. (jjtil Ajal£ 4iUa 

(jjl_J J_uaaJ (_jl |j_j. 4 jc.Uj dtijjt Jhljjl c _ s i£jLa AsUali 

-ij i^\ j aj dl-j jj^£1')!\ A aT'. ^gj a ..:jLa Jjlill dl_ji a\ 

, J> 

JA ^ A _qJal^a <UalAll 6^A t^lluill cJ^ 3 i^s^ 0 diL PjA^ > ^^ A^uitJl jniVnj 

.^)£jl£ jl^C- ^-ajaU A a^A -lie. cJbail^ll j 4 ^>3^a 

E Ailalo — G 

Jjb-aaJ I Aa. (JSijaiJ 4jJa3^i3l ■^ lC 'J 

.( E ) ^LsuaiVI 


nr 


















]aiuLl jAjjljiLa • (-I'A-^ jLi-1 ftltj j>a jAAJI Jjll jj£jJ 

Ali jUtll ^^Jc. jjj-UI ^l*-uiVl Aa_jiuj Ale.. Llluii (JJfl ^aiLobo ^ 
jlc. ojA A J* J 3 UaUjI aI*J ( _ s IiSIJ Aia.j^oll dAijJ^IJ ClAjjjfKlVI a!jJJj jAjJ 

CjIjjjVI (jc tlAjjjKJV! (Jj-aAjj *j-^ (jlj A_iia]jAj! SaIj j Aic.j .aAjAa. 

AjLi. (Ji-aj A_ila]ji]| oAU jj £J^)jbi l)^ 1 '' 1 .' jUAi AlAjja AjjVI 3^-j A^JJj 

^l*Jii]l JajLuJ A -Vj"n CAa]jJ ^^All LjU jJj£lV! £-lA^. t _ “’J AjiVi jl (^1 ^IfkiuVt 

lillA] SaUiII Ao'» i>» A_^jl_iJI ojLiuVI jjSj.AlAxU 

. jAAll ^ (Jj-ajj AjjjjiKlVI j-a Ac. ^ J lAa. (jA l.i^ Ai/'/i 

CjIjLuI] lA=b (jA tii-v jilLa jjKII (_]La*JjujLl (jAjJI tjll (ja ^ jLiJI jlliH 
A3j jUtll j^Jc. L "'' * • ‘ AajAui AjJoaa]I cAlj ^lijjl Ai^)*bAj.Allal^jJI 

AiilAa jb (jiajjij.cV V » IAjIaLo AilAa (. AWn A^lj ^jj ^-AjA 

AjjjjVI ^IjjVI aac. jli IMeV (_£jLujj jl*JI UK j^^ ^^Allj till ciiLajjaL^. 

(_£jLul 1 ^ Ilj aAljiLall 


n- 


W x V • \ IMeV = n 


LLfcJ 1 


n * x r.r = 

6. n = Q jt*AI Aj jKlAI a-uL^KA a w AA1 


" _ ux i.i.u‘x r .r- 


l • x 0 = Q 


(jli (pF)^lji jfAu l ■ ■■ Ajtuoxo (JKuij (jjUA (jl LliJajiflt Ia| 

0 <** - 

V L^jaIj ls ^ 1 ’ Ajial jill AjJaj. ^ liujl 
u " U x U. \'°- W X o = Q\C = V 

jaJ jij j£jLo O * = Y' 7 




Cliliniaj (j-a 

aoljliall A-pla^iHI 41 ~v jail 4 _ia£ is^J ,_g£-ljcjaVI (J-^ 3 ^)*-^ (_^Ij 3 — ^ 

. (jjjlaill llA (Ja-al (J-axioU fl j^JIa oa. _jLa-all (jjlall 4i^)C. . dj^ll 
~_yj jl o^)ia. (JfLoU j)j£j (jjlall 4ijc. i" il-axual . ( _ s £-l*jai’y I JaLalill (_>jjIj 3 — Y 
j)C. t- Ijon^J (jl (jSlaJ td]jbj |l I — Y ) (JfLa ^)xJI (JaC 4juouaJI alLall £j-iajJ ^gill 

^ £jalj ^glc- " " O^A ^OaliuU ,4jtjaul]| ojLall j)-a ClutlLall ^-Ltja'il ^>Ja»..a 

^jLj^SJI jliill (jl l- u-n .j 4jtoi-a]| ^jjUaiJI ( Calibrate) o^ 3 ^)*^ l£j_>^ <-. iJ-all 

* # 

^^C-LuoiVI JaLoull jjl-la .j ^3 a«.l^_)i]| ^gJaau ^ jOj i—Lalflll IOA (Jjaj .lljlLall 

aiA (j^.1 JaVl (_glc- 1 $j 3 ja jjj ^jjill l_iLJI ^Loil J £I .(mCi J MBq) 

.^jJa^aU IgllJ-aC.I (_Jj 3 aoLall ^gC-\julji^\ ialja'lll (jajsl L ‘Ij.jil^fLjl 

>y $1 ojAft J^mu &iti (T - T > J&ri 


Holder 


£■*» jUt 



JaljS £ * » — Y“ * • (jjJJ ^ jl^jj ^1 j IjUjg'l AulUJI djliial_jill jfLI£ OlOC. (J*j 

JaSS UuaVI j)C. <- 'l ,^1 djllll*JI alA jtlaJ . (Jja-ajll AlJal j3 ^..aml ^gjll j 


10 




















laijl (jLl ( Y — r)JLU! (j-a -layLL j. LljoiLU Aqll'V.aH (jil (Jj^jSijV Ig.'l^lj 

(jV Laly AjtjoiV £■ lijjl (Jsl J [3 IliJ CuLayayJ l^a-a ^>j£l Q CuLayjty] Axsi nil 

. Jl jjll j^lc. Laly A*_aulj Hu dlLaajotaJ 4u-a ll]| allLaOjotaJ ^C- ^jll (jjHI 
jj£I IgjV (JfLodl Ajjl^lxul a^yyi 4jjl jlaJI A-uL^HlI (-jUaaLM (jE- (j^a)»."uJ lil 

( 1 - r ) JSUI La£ . ^UH s*li£ 

JS-JI $ j ^jUJI ( i ■ f ) Ji*JI 


0^Qgyi^ j 



L-llaaJI j 4j| jiajaiV! _)S^a ^>JC- _JAJ £J9j adLuj ^jC- ajliC. L_ly_j-all t_iiaaJI 

|j_& (J_la £_U_i^aj (jSuaJ l-lxall C ,U.y (_j-a . 4j|jJ-ikaVl jl.}y jA <-_i!LuJI 

(Jjlijj (J^ily J)Lu LLaJ j ^^jJbt-a lillui aj)l^a ^k _^aJ i^^j-ia-a t__)_jjj| .lylu i-_LaiH]| 
(jc- a^)-alu-all A lJaljill (Jjjiyj . lilli jj-a l,\W».'i A 11x3 II i—LailjUl tt-j^uLM ^."nlg.'i 

(Jj yL J) jc. . Ajyjly “LajLLaJ (_H^alu AuUjS ^jg,y,a j_jC. jl AjjUaJ 

Auyj^ll dllj jjLH Ayjj Ia.Axj jlxll ^k 4_UjJ C'jj' ^clu .<—kjolllll (Jylj Laly 4jt_ioll 


■n 































. j j_*j*3l dill_ull ^_Ij A_aJjj dll_3jji*3^lj AaljiajujU (_^.jlavll jl-laJI Jl 

Aalalj3 a! jjj ^»jl j Jjj L_Luavj Jla^)£* jlaj AajfLa AasjlLall (Jla. jaj dljj jj*1VI 

^ <u * £ * 

< a^l£JI jadaaj .A.;l-a1 Jll . >."'1 ^A.j.>a^) Aalal Jll aAAtA-ajlLall ^sja jaj 

Rate - Aall jAaa>) ja jll aAa. j\ AaU Jll uldj (j^ljl (rate meter) (jilja 
Aaia j a jjs J o'aJ jiall Aakl Jll uLou a Ac. 1. uAj jUI (Scalar) aIac. jl(Count 

. (Count - Aall) w 


dl i/ill j Jjj dtaj jj*l^l jlajl e JiUa (_Jad jiall ^ lad'll (j^aLdial Aaa 

dllia_dll jaaa jl*ll (jl n~v lum'i a* l sdl*!! Ia^j a a] Jail AaJl Jll 

.a a!J ail AallajJll 


'l q .''ll jll aAA dljjaa ^A 1 ja 

t- I j. 11*11 IJ ( jjlall aII^II jl* la*) ^-.-vda Jl A^.UI ^»Ac. — ) 

. a ja* ajLaVI jj*a3 jl*M ja*J *-. Um..i 

LaA JJt3 . J«aa la* i_Lail*ll jaaa J^l jjj&lJ jtajl A,)laC idajj (jl L_aaa — X 

(J al* £ajj j-aa~vjj lg.j..-a la'i jiall dl jA jli dla J Jll j! Aa.dall jllsAll .Jd 

.i—a_*11*11 jdA_J Jill Jllall dlc-lad^l jC- i__Ld*3l jc. jiall j-ya.j dllluj jiall 

a. I ilaVI (_jd Aalaaa Jlaaj jj jj*lyi ^)l_igdl i—aliV (JlLui j Aja AjV cIUa! 

j_* A_aa Idjja*ll o ja'uaall Aalaljll (Jalaj alslaVI JLaj A^.lj .(Quenching) 

J) J^ ja a j )», >.-» Aaa* Aildal ^A V Laa."ual J*VI Aajlall AjjJallj . jlj^jl 

j a jj Sjj _d jSd } JjjVI (JJ^.^11 . JjjVI (Jj*vSII jlc. Ja t j-aldll jiall 

jlagjt AaLaC. J d^)j_dV Caljjjl*!VI AiUa (jaaaaJ AiUa dll dlaj ji. 

> Jl 

a^)Al_Sal ^al_*31 (J_aa >_ajx^a'V) ajjjSH jila-all jiall dlajji. jl jl. jjj^lVI 


IV 















t- jjl _3 t_Ja _^3 jliJI £•> (jC- ^)3aill V 

Jl 

(j-aj_J _J Aola^ll oAA .SjJu-a Auiaj ojjil (j^aL-ailal (_)-s.j.aiV 

s* > 

t* * — V * llJ—aaj a^)jj-a3 Aj-a-yll (j-aj (jl (_j-a ^C.^)lljj. ^Dc3.d Time) Aj-a-yll 


|j_gj 0fl^)3 ^Jc. tdW 4\iVi^ j.4.13lSs.ll ^-IxjoiVI Aa-a£ (j-a AjfSJ (jLIS 

(JLaxioiLl U_kjoil£ll 4. IS 13-s.ll Ofl (■_ Uas."l (jl j)£3aJ .4. jSlSsll Of 1^)111 jj^a (Jsl t. SjoilfLll 


( ijfj -V) \ ©jslji = AmAAAJI OiljAll 

A*JI (Jjbt-a u IaAjc- (^all ^LuiVI aJLs. -Sljbtl (^jb-lll 3rs.ll ~i 

l Sx^tTiuj .^PlcltCclu) A.u>»g.llj A.sJVi-all oAA ^-aj-ijj AalaljAll ojb j j^a llulj 

i__jjjij jjIjjV A*JI (Jjjua (jb (jjb -3 <—-kjoilSl] (Jjiojull Ajial^j3 (Jj-aJ A_uia^J! 

. ( c — V^JfLoi . <- sbbll (Jjiuaall A._i3-al j2 

>yl 2 4 UaJ AaJal^i ^yu <o- 1 > 



1A 




















( Scintillation Detectors) r -r 

die LdJ I (jC- <- Wj^ll C lA.’l'SUal Jill <— SjluI _Jll (JjI (_ja Aajd4Ajl ^-LdL/l (—Luil^J 

Ai-dall Jjj JaJj 1 A <3 ^ Aimall A*dV I <—sLau£l Aic- j j Ja^-V .Lia . Ail jaII 

Clil jj _L Jc. Ac. Ja <-_njljl a1-s»,a 11 dljI iaJLui Aic. i_y^y >j dLdl 

. jjl_l^jgiHI jJ_k^a-all (_jC. (...niljLfI (_Jj-a3 .lie. (_paJAJl «.lioA.1 j i ^ jJjaIj^JI .lijlaui 

<d_uil Jill aj_& jlilaJ J A 1 d ) a Jl i- ~dl jfll Jfc Lad Ajtdl Jc. t- iLJH Jjja JojaiI 

dljldll Aid aJUJI IgLaUH lg a-ss AjjliJI <—Lil Jill aujj'i ajIUJI IgdliJ 

£-a lg.lc.ljj ^>JC. Ig.jlc. dadill JjJall ^dJ/U AjjaxiaJI jl jaII (■_ ndua i dU 2 >.tA j Jjdll 


d_JJJj AjJ_jd AiUa Jl ^LdLU AJ^jsII AjjUall Ja j)x. 1^1 a Ji. ^-ladVI 

. aj^a. aj^jjAa ,J jl ajJjll dl JJaI JLa Jc. ^djoJI AsUa Ja idII a jjl 

a jl all ^ J ij Jasdill ^djoJI J (Jc. JJ dLal AjjdjAJl Ajladoi^l .lalx'ij 

jl Jjtj ^Jc. Igl-aC- (_)jldl .Win.) .AjjUall £A L_ujljjj AdajjJI ^IjjJj Igjli AJjaSJaJI 
(Ull) AjjsLi.all dLajAidlS AjjJall dlc-ladVI dJL a Ad Al _J-all (jA*^1 dlJ ^cjgj 
4. .dilill dJldll dutiij jl JlUjjVI Aid Jl IgdjC. J Lad dlc-Ldijj J 

-j ^llj AjjaxiaJI jI^jaILi jI^jaII aJA (Jja i__S^)*j .Ajj_ jda dL-daj (_JfLd 

JJ Jill AjjaxiaJI .^I^jaII jj-sl Jl Alda) aJ l jI^jaII J’l'SU.ulj AJJall dlc-Ud'yi 
( ^ad.lj JjIjj^JjIa^ jjlad V Id. j) (JaJ) JvIA. Ig.diAj 

; ^1J iX ^Jl AjdaxaJl jI^jaII jjudj 

jtf ^Ldil - i 

Ajld_u.VI d_Ja. (j_a jIjaII Jdal AjL-oII Ajjj.>)»,1I ~jjC- AdaJAjI J)Ija]| jfw.1 


(j_C- d_ui£ll (J-aJ dua. .(jjjAll ^-IxauVI (jc- t- Aaj^Ia J£VI j aJts.1I 

^ 4 N 3 .I (T1 ^ iaII j)j.^>H aiJjjI S^jJj JdduLi Lad. Ajdl 

a a. 1 iL (J di j 1 a_ . x a*s \l aa-1_aS JuJ Iaa jLII Iajjic- ^)j £j IgdliiS ^)j£ Jj lillj 
























Aasbbj _jfblb dblAc. j-a _ji£l a^a \ * » LaLa. AjdiiV Ajjdlb Aalajai^ll L_Loiljfbl 

. Aj_ kiaJ-a_jJI ajj _lill aIxjI ^gjc. c^W.S^sj Jasball LaLa jjjj^ A^Ua ^gic. a^libll aAA 

a A A j till jj jiblLM jas AAc. j^)ab aj^LJI ^glc- Lala Ajtbl db jj j 3 Jajiui Ajc 

C u. n a jqua.all l^ulLa ^jl\ Jj*j bbalibl aALal jab C~ lAa') j Aju^ui dbjjjfbLM 

Aj uulb Lai. Ig.jlc. A-baball LaLa db jj j3 AiUaj Au-ab £-a l. UallU db jj j2 dlbaa j 

^_3 Ac.j_jJajadl jjaaajLaJI AiL^)j£ aj_jL jas Aij3j A.SiJa ^Aaboua lall dll.ajj.a-s.I 

jas Ac-^jAas a^)aa 

j _a J-ajls ^^ic. (_g j"iv AjjJaiaj aj^jL ^AabajS dbj jibll jc. L ba^lll A.ua lllj Lai 

LS —0-° bb ‘-Sy^i lS-^' U^' jW 1 ' j 

jj_ jj^>JI (J_Hail jaajjAa^Jb jjjinll ^l-Ala-aal A.-sjii Aju^jaJI dbjjjjjjll Ia^j 

. i_LLl£JI ^gi A.lj-s.j.a"l ^JJ (jill 
^jjA^j-aalb JojAi id ^Jjjjjall dl j_jL ^lA-suab l^jc. l_Li£]l ^ba Aaiadl AjbiLH Lai 

Csl (Na ) 

Liquid Scintillation UU1I <fcytito»£il yiUUidl - y 

: Counters 

AdlLal Aajdj-a^ll aALall aAA (_JLa aAala jj^ijll (J!La (JjLlu Abba Ajjbjas j Al^j-a AajJ 


. Ajaasi Al jJI ^Aj-aall £-a l.g.}-al-s (Jja^jla jc. A.xaaall aLLalb ^)jAiLui (jaLab l^jtbaj 

£-a £jbJJ Ada AjjC. ^3 Abac's j-all AsUall dlL dba Ua-sll ^C. ladLf I JaLoiill (_jabAl 

dl jA II dl J jh Jaj aa dna a^jl jLa aAbs jas (_£ jj.dc. ijAas lAAc. Alkali A.na.ll 

(j_baj (_£ jada.ll l_uAa 1I AblL jac- A.'m.ll dulS ILIj (JailSJb dliiJ>aJI jl Ajtdall 

PPO (J_La A_ij jbll a! j _bl j_a A jA*JI lb! iAj i (JjLaba (^b-a ^3 Ig.a.adj 

d! aIa—*JI aj_ba C g—lu .L_ijA_ab jjad jalAll ji jjjbll (diphenylakazol) 

(jal_j j ajbl C lAsj Ajtdall Al jbl ^j-a Ablball dl.jajj.a-s.il (jl Aiaball Adaxa^ll 

dl_dj jjSj (jill (PPO) dlb ja. ^gJI AiUall (Jbj Ia JjAj ^jill L_ nAjall dldjav 


V* 

























U _wajVI (_£jl)_uiJI ^ _11 j AiUJI aiA l^lLouSLf A.-yn'i All^jla 

. ^J^wJI i _SC. UiaJI Aj^jiil ^^Jl Jwaj l^jli tllL-ixa^jll a AA t" ila.nl -lie. j ^ j)\ jfiuii)} 1 ^ 

* J 

^^^JjLajjl l—llUa ^£jJwl (_£.JI <JJ£j£" L| y'a^J ^ jlsU jl tlllilJI <—IjAj 

i—uA_Jl j_a _laa. (J_si tlllllA_a l^>a.ja t" la.I-yual ASj. ji^llllj jijiill Jia 

t_uA Jl till 11 ja. Jj IglsUa AjjJI ja Alai iJI till tllLalna. (Jili . ^^iLiiLa j jLH 

J W-jU jl jSL-uVl Jl A >.M^H C5^j W^ 1 cs^' tS^ (^'j 

JJ * 

A _wan til_*j ^_11 iS-tjJ LnJ JjjLA ja -kUm-n l£ jli AjLi^) 2JI aA^j .a.jwJl 


l—l 


( jill AiUlaJI J _j-Jl /_y->x.) Al-wala^jll tllwLnS^jfJI (_£ jWi jlla.LM t_llc! ^9 .f. ^jjwJI 
. _j!iSI Alj)g,j.j.ii Ig.sJ^l t : ~ lajall f^jjwall ^a._j-Jl (J_jUl Aa.1 jL ^jSii 
^la. jll ja ajji-wa AiliJi t Swai jl AiliLl Aiij3 ^3 JjaS^j^llj AxUiall isAlall £_waJJ 

Al JjLJI ^jAaia^ll J AjJI jl^a .j . JjUJI ( ^_waia^jll Al AaJI J^l J tJiiaHJI jl 
(Jlia AjAaia. j-JI AiUJI tllli till tllla Ua-S.1 ( _gC.Uuoi'il JaUull ^Us ^^2 jaul j ^lA-s.'ual 
*j*l (J-Ull S*li£ . n P Jla AiUJI AiUJI Clllj till ClUiaa. JlLSj . r H j' 4 C 
% i * * J] tin tlllaiuiaJ Allaljll AiUJI jA ^jjjjill % * (jl) ^ jl jj AjIaIaJI 

Ai^jLa jj£li till *n». 11 (_)la*_i . tin t! liLaiiaJ AilljJl AsUJl (_^j tVY - jjSt^isll lii^)ii 
(—sUlaJ tjlj (jljAVl ^iLaj (Jlla) (_^jiLis 11 AlLaC. A3J (_£Aji l^Aj Sjltj 

(—S^)*J (_£.J1 j (_)jjLis 11 (Ja.AJ (JjwvVi jV (_g^l j^jlll jx^asl CllLlS^)-a (jla*j 

.^ULVJ 

JjbJl (^3 (jjjlii P (Jl-a AllUJI AiUJI tllli tin tllLaliaJ Alic.Ull ^UVill i^yvt.} 
AjlSi j>j^U AijJ*-JI t AjVs'ill j l lJa'l } . (JliSjJI ^al AVuJ j jAj JjLJI j^jJala^jll 
^ouJaJU o^jilia i—sjSj^jiwi tiilcLtiiil jc 11 j. 1^,1 .(Cerenkov ) ^_ayU^jj! 

j^Ai <—U 2 k.tAj«j^)jJI AljjjSill tllLaiLlsll <—SAilSi (_ta*lwii La Ullc j jj.>all 
tllLaiuta. tliilS lilj .A.n»,11 ^.j.a.V^.11 (JSjJI jfr ^lill <—sLtli.Lfl Ale Ig.jlc ^LalcVI 


v^ 

























l AlaLxll Aalalx_jll dldA*!! ^1 AVuJ JjAa Igjxlia ^ja lAa. Aullc. Aalla dllA llui 
«.lxll ^2 Ajtdixll An*II <_jIaj lgx3j ‘(CcrCIlkOV ) <—iajllijod lIiIaIac. ^A-Wm ij 
^> iSI Ac .^)jou «.lxll (JiL Aailaxll dllliJaJI eA&j L_aj£j^)jdi Jjl-vx IgaS £jdaij 

.1 _fi^jfLijadi f. ^u'l AjlAdaxj Ali.Wx »j)*^all Ae^Jjx Jx 

• Cy* (Jjl- u ^l (^-daJx^ll aIa*JI jlg-a. L_l £jjjj 

a^jilAa Anisll Jx dlldaiill (J-vdl ^^.ijdall <■ sc-ldaxll jtljiil — I 

sa*.I j Adad ^1 ji.lj ptU ^ 1 e Ax x. ^x ^ j (Coincidence circuit) jxl Jill 

dlldailll jl Aic-bcdi^/l AjalaJI dlldaii Ixl ^i^dall <-_ac-ldaxll ^Jii^jlil Jx J£ Jx 
eAAj t- sdl£jl j Jxl Jill a^ilA IgjdaSji L_a^jx3 AaijJlfJ'JI a.lda^dall Jx AajUl 
^gi AaiLijxll ajI^aJI Jc- AlklUl a Idajdall Jx Jlai < _ S ^J A^jii 1-° lallc. S^jIaII 

(1 — V) J£d . ( ^j^jdall (. QC-ldixll ( Jii^ ; lil 

jdUi v r> ji- 



:level discriminator jja^JI Jjjxj aAa .j - Y 

(E)a _il*x Aslia Jx ^^jc.1 IgiisUa jl Ig.x-y^t. jjill dll da nil jj^)xi ^xdi o^JIa 

_aj ^x_ui j_gA j^jia_uJI AjAaJI Jjjxj . JaVI AsUall dll A dildaill (_>Aa3jij 

a A_& _9 jj ^g _Ic-VI dilSUaJI (jAaSjJj E Jx Jal IgxsUa jl lgx-%~\ jjill dll da nil 


vr 


















lill aAA j^aj • Vi.m (JjujjV LLiia l. llda nil (^juLau ^^Ic. dlA^._jll 

. jajll aJIa£ jfLaj dl ac- Jl did nil (J^^j (_£aJI( Scalar) ^laill jl^^. 

dlA_J^jill jj_^ (J_a^aill ^3 IgjjALa aJs ^^A Al^Ujll dlAlA*JI jjLaus ^>aI jaj 

(_£Allj i—LilSlI ajJj .-%>**> AlAjl Lal£ ajALall aAA e^juijj An*. II ^3 A.qt'i-v.all Ajtda]! 

. djill jj£jj L q»,d Lal£ Aal A-yu J (_ldaj 

:<u^caail iyya*<jJI q 


j_S-aJ ( jill j p0lyStyr6I16 a^lTua^la (JfLd A. 1 jJ-> la J Ajj^ jdall Al^jall j_yvt.\ Jjjj 

• (JfLul jlj lg.».j ltd! 

; Aaltull $.1 jj^fl ja j^jJaxaJ aIa*JI ‘Ujla’u j^Sjj 

. Aadoa J a jJJI — 1 

(Jjil_uiVI (jaVn (Ja*j l.g.3«.ja->j tdioL^ljj 4 (_JjLui 4 jj^ja-at (.. ll^a (JfLd a^) J-JI j^jfali 


^ _II A_j*j J^l j Ail3 AJU. ^3 jj£j3 dl jjdl aAA ^ca^J jl jjjj ^UdVI (jl Uia. 

ajj_Lit .A_jj^a J _JC- J AaJ^a dlajjJ (JfLd Idjaj (■" lx n Igati_jlJiiaVI ^daj 

Jll ^au-aJ .ajjal^fl ja t-fi^lc- l^a rij-o tdlil a ll'n (jl jfLaJ Nal (XI )A. ldla J 

ajj_Lll (J.dVl.. ^Jjdll i—SC-Udall aldla (Jd^l^d Aalc. J-aSmj c _jda j! (ja^xj 

( Jj)dll 1 _ac-ldall ^Jl a^jalaa 

(Photomultiplier) Jjdll <_ac.ldJI - Y 

£_a ^l*_Ail'll (Jc-Ual A.-^nn a.iljlall dljjjjfHVI AAc. aAlaj l.g. la (_^Aa^)*JI Aa jlVia 

.Ajjg.jan l^jataS AyilS-aV Aadjajl! aAlall 

- -• > 

^a]| Aajj)j.>aH dldaa J (Jj^aa Aaillaj ( J_jda AjilS ja jjSjj | Jj.dll <dc.Ldall 

j_J^jij ^_ja>"i . dljjjj£ll ^1 aj_jLJI (JiJA ^-UdiVI jaAjal A.-s.y'i <dadl 

A^jjal A_II _ ujj (._ ,vn ja (■_ ll-a3 l^JalLoil j (Grid) AiLd aJojoiI jl dljj jjSlVI 


vr 














Igi i-a3 Aic- CalajjaflfJ! C la.n ^^all J Ajjala. A^j uj (ja J_jjjl.il! ^jj^jaJ. ^dyiiodc) 

Ca*_ula ajlc-.Aj^ajaall Calajjafall (ja jjSI Aiaaiall Calijjj^TjM (j! (_$\ CalajjjfJVla 
Cab_jjjb_1! (ja Jjc. ,la._jJ . Ja.1 J (j_ 5 ^)J^ll iajkja Jjc. (jjjjfll! ® — Y (_JJJ J_jjj|jll 

ss > 

Jlaa3 J_jjj|jll ^laja (ja C~mn n ^^all Aaij.Call Cali j jjfJV 1 _jjj£jj Akc-bCaal (Jaxuaj 

Jj_a._jl ! j_Iaij _jjjS (JfLCu a_kc.LCajj 4jla J_jjj|jl! j^lc. J^l J ^jjjjfUl iajkja Jjc. 

^al!j Cala jjj£TJ 1 (jjjvla i—kc.LCaaj JaJ_jll (jli Cabjjjljll (ja JjJaJl 

aj_jijll j^^ic. AiasLall lala. Ax_jii! Aslla £a ujlalij AaHa^S C ibc-an AjjA ).aa 

* » f 

Aixuil_jJ Ijiay AjCaaill ^»jjj . ( J_jlV!) L_ia._jall aaiaall ^^Jc. Ijoa.1 ^.ay"i ^^allj 

Cal_Ca nil (jj aa t CabCaiill Ajua (Jlya ^Jl Jj-a'n Caa^ Amplifier ) ^yjC-aall 

(jjxa (jaj J*aj AajjjjSiVl a^)S! jlla (j^ala. £_ja. ^ (j_jaa ^a Ig.ay yl laaj (- j 

i A'nxa Aoiaj aja3 ^^3 Alajaall aa 1^)111 

^ _allj (V dc ) a^)aj_aall AalUtll A;Jal_jall ^Jc. ( _ g JjjC->ll <—kc-LCaall (_g jjyj 

Ji 

^all j Cala_jlkall [_£_ja*a (_ja aLjLj l^a3^)ia (jjj Cal_j3 \ , • * • J_jjy.l (jl (j^aj 

^ a 

(j a aUj1j.j 11 a JA ASalaj . R Aa_jlkall ^_jji3a Al Ig,ja (J£ tCala_jlLall (_ja L kj-a (JaCjj 

> J> g 

j_g.y'i Aa_jl.j.j"la Calaial_j3 (V dc ) a^a“ujall AalUtll AjJal_jkl! ^uakj (jl CalajlLall 

. ( v- r) cab jli ell Ji 

dllj S.Cabjjjljll a_Laa ^ic. (^jiajj AjjLaia «.l_jyla Calaial_jkll jbjj tdljl AynVs 

> - 

A _alaljS J_aljal (Jaxujj Rj_^ajjLi. (Jaa. ^^ic- < ^ g ajjCall (■ kc-bCaall a^)jb (_gjjy" 

•V out AyjU 

(jj Sjj ^^ala^^S jlaJ (J^j-jJ (Jay 11 K .ajlLa (Jl)Ly Cala j__jj£ 1V 1 a lik (_j^jjaJ 

. Aajjjj^lV 1 _jj 1 jjll (ja Ac.jaya i (_>“i3J (^•J! j»jl liala V 0 ut Ayjla. Aalalj3 

MU, Jj a^)jalaa t-balajj Aaalall Aalal_jill (j! _jA ^...jaja_jll a kblSll Aa^-al! a Jaall 

.aj_jljll ^gS Axiajaal! ^-Utja'Jl 


















idtflall (V-1> 


Ionising 

Particle/Ray 


fcJJI 






in 

1 

Light 

Photons 

-o 

\ Electrons 
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f) 

_ 



/ ) 


h 

—» 






J$d2l 


Rj I Current 

r 


"out 


_lc- (_JjJa3l aj$3 ^.3-ax'i J ( _ s lc- 4jt-a^da]| AjrujoJI L-lLoti. ‘Ujg.j.j.i \ j_jfLajj 

L-LoilfUl frlol 

4ulti]| AJjlx-all (■_ tjbiirk l^ajtjS (jfLaJ ^^Jc. A,»,xi-y'ixa\l 4aru_uJI 

Q= m/ £ R" e 

ajjLJI ^ soljlJI CjUjj jill ooc. :m 

»(JLui^jV 


VO 







































<jj diljjj^All AjjLHI a£.laS) ^jjdll JjjISU A.j,a5H a«.Laf^]| :£ 

.(oujjswi jj 
. dtajijlall joc. :n 

(JSl (j-a 4jxjia]| dljjjjfllVI AAC- ).dbjiil-lll Aic. Ldall (J-alc. :R 

• (l X»L a.a jjjaSJI 

4K/» :e 

y * 

^3 (__)-aa-aj ^aJI j keV )**(_£ jLd LaLi. Ajdiil AsUa (jl (_)^ajjij (JliLall (Jj uji ^,1«A 

* 

IgdliS .AulliLa Ajj.>a).aj aj_jLd b * * * ^gJI a.iljL-41 dlj jjjAII AAc- j.aj^Ldl 
JJ| a! jLaJI (_j-a % ® » (jl (_^l 0.5 (_£jLoUi ^ a Aj^)j-*alll 

(J?J )^ l * s, J j^b-all A. da .a II . * © lA^I-LLa £AjL£ s^laS Aj j J ,jdall 

. £ . O jUjiJ IgJ Aj 3C. I jd .a II (_k<slc. dll A_jilb 

Q= m/ £R n e diibi 

able-1 Ajjlx-all ^ (j^ajstj 

Q= 100000 x0.5x0.15x4.5 10 xl.6xlO' 19 
Q=i. pC 

, « ja SS Jj .-•'' 

^1 Ad'ill Id. (_>jjLuti. ^\Ad.a (JLa*dj| (■_ i-%j lillil Id. aj)x,t.s-i A'l-ybll AM,a51l ad 

(pre - amplifier) JjVI ^ddall dladdall ^ >LI Id .ajLiVI ad 

UU a* UaJI t^hll £ - r 

j^jHI jjjlull LaA ajLall £-a LduLfl (Jc-lllil (jldli (jb ibbj idle- LaS 
AjjUal ^JSlI (J-ab-aJ-a^I (j.aiA'll _jjdj^jHI jjjlull ^jl 4a«.‘lj . (j jJAajjjtjj 

Aafal^jill (jVj.Aallall aA^J <_KaLdi.al (_j^udjj (jjdajS La’lj i ibsLi. A*dl 

i - 

^jb ^3jb tdlil aj^Ldl Aajjjjia]| ^-UduVI Aslla o^jailxa L-Auibaj Aaulill 

ts > 

Lai ( Ind a^jajSJ a jjda A^.jld AoUj3 Jiljdi J_jl4l d^ jbbll 

* # 

. ajJ*j-a dlLilaljS AlljJ ^Jl (_^Lj!Luj ^jjilusjS dljjjlj 


VI 










dlljbtlt (Jjaua j4J ^Ljll ^jjjjII (_j-a CllLajl*-all aiA jjl kpljJC-'it Aijiall 

— V ^ <_JfLui. ^LljoiVI Asliaj < 2 ilill 4alaljill Auin ^lajjV qa AJIjiS 

,,m Tc J*hi 0 # <Au4l UU i*«i jm a*bil ( A - r > JSA 


(kc U>) <uUaJI 



<■" \x. n 4(_£ill m TC Jjiaj L>° A**. j.alt LaLi. <*_iail jc. ^cjlilt ^joijll ^EjJajJ 

<—Sjiall ^.xua'i AajLnll ^jjjjjII aiA (Ji<a.(keV 1 £ * ^ AsUall 4_pLi.Vt Lal^. 
^AjjjjJall ^4^akl|^ ajjilt i ^ajaj jlaaiaio (j jWj (JfLoilt . LaLa. Ajua^ ^^allall 

<-. i ua; 0 jjj 4 jj jjJall a j jilt . jjiusjS <-" fua) ^-ajoi Ajjlall j( PhotO peak 

j^A-a-alt j^a*J.£_iuilt J^j-a-alt j-a AaxxLall LaL^. Ajua^ jjJajj^lt jj^aL^aa-aVt 
jjipJjja jjL)jji 4j 1 » — dlLjSlt l)ti-a3. jiSI jl jiisUaJ LaL^. Aj«_aiil C. mjn 4a.ii .alt 

.keVi rrr 4iUJt ^ kptiitj keV n vy AiUait ^ Jj^\ 

-- * 
. (- sillklt 4.JC. jj ^Jc. °J'^ a -AiiaJ a_jijij l^J kijjJalt ajjilt jt Jaa^Li 

ajjilt jj£jj (Jjla t_iijiall a-lic. jjfLjjoi t4ac.jilt ^Jlc-4 .\)->H <- <liilfLlti 


• 4 Q j . 4 m ^H 


vv 








(ja £jal j (_£Aa (_£ j'W j (_£.JI j jjpJaj£ C fu'In jA _ji.l p j^. O ' 0 l -^-^ 1 _Sjiall jjjfiJJj 

^jlc- ^)Auja i_ajlall lAA .Ajj j*^*»ll ajjAll j) a Uajl j)j£j ^lill ‘AaJilill CilljJ-aljail 

C (u'i'i jA jjjajajL dll jLtij .ajjlJI j^S lak. Ajuiul AiiUal ( ^jjaJI (jaali^ajaVI 
(jaj . Ij Uji'i sjpjL 4_JaIj3 CjLjajj 0 aij (_£.illj jsISjII CilljjjjfJI £a lala. dllijpj3 
jslfaill (jjjpfJI (_jJI (J5VI A^Uall (Jiiij Lak. ^-Ltaul (jl (_£ jj jppaj£ CjIjjpIp 

J> a 

Aa.jp CLuLull (_£Aa ^ (jppjl^jll (jilA jyJj • ljujq'i ajjiu^a Apialj3 AjkAajj a!jJ (JLS.J 
.ApJaljill All'll dllc-lipjl aI jpp cJlL AiiUall CilVj^P (ja (_£Aa (jajJaPP djLAa-li 

- ^ J> ss 

^1*_au Vj Aj_^.j j)_C. 1 _iLi^ill (JaaLaJ Ujlijl P_kjailj£JI (jtj ^JaJI Lk^ajl all (ja 

(jC- lg.qj .^1 ^iLAaVL) Igjli 4u>ajajll C 1 )IaIa*JI Lai la-iaVI cJIa 4pa£ ^I AiLjaVlp 

CllLajlxall aAA .^IxCuVI AsUa (jC- AjsL-ial CllLajlxaJ liAjjj 4'na^l j ^LlCu VI J j^.j 

" ' * z 

(J_La 4_ C. ji'iall (CpUnJaill (ja ApAail (JaxiaP (jl (j£aj ApjCapajll dllAAail AuaLCaVI 

ajjA_II .(_£jj_ill L _1 _lall jja^a ^IpiV cJIaSj (Jjg.'vall £jaall jpJaill ji AAjJta 

j jlVlll a j xaa ALj-a l^jV (_£jjill L_JaII j*£a LaLa. AjlCuI AiUa <. ajJal ALIjaCall 

^■1 9Jjl (Jjk"l <iiaj (JLaaiaLl (jjPJajS C nCal (. S)Ja (jC. l^Jjc. jjflaJ ( ^pll J £-LbaII 

jjAa J jVI o^)jlLI (> _ s £-Lj AjijjjLlI ^)j| j^ll j)^i jyc- (j^uiaJJ Aj'iS* ill oLa . AjJapill 

diLJjajil ^alu ^Lll LLD-(Lower Level Discriminator)^^' i_s iWall 

> PS 

o^jWI (> _ s £-Lj . 4.")jLall ■A-iJapill (ja Uajl (jjSj LaAic- o^jIaII (JLLa. jj^jalLi Aajal^jill 

c^a—SI ULD -(Upper Level Discriminator) LVI ^^LaJI Jjaa UilLII 

AjjLall AjJapill (ja (> _ s lc.l j)J^ LaAic. o^jjIaII (JVLi. jj^jalL Ajl-al_jill LllliJa.iil ^r.aj.aj 


£jJaJj (jSaJ cs^U ^H*La (_pa^_)C. CjIa oAali (JLaJ jyj^)jlAll tiH (JLaxLaV A'Njiill j)l 

_lc- (Jj_k-ra^lL I_ijC-J LI (Jl_Jail (JjJa“ . i_sjlall (J_jL ls^" ul^° L$ 1 c^ -3 

(t— V* )(JLjoi l^jjl^jj I^LjIaj (jjj ^iaall l",) ni 4.*n».a LpjjJa sjjA j)C- (jjLajLta 


VA 














0 jdU .( f ) Ji- 


Jam 

Mil 


ijiijihll 6$jiJI 


mm 


/ s 
I ' 

/' 1 


<uUall / AJaJ$ail 


ULD 


£joj! j (JfLoU A-a^jlaLa <_jL) A„«g„a A.ks'l AA^ACa L. l.^j 

j ^jouill jJU^a-all (_j-a t.* m./kail tlllsUa CljLa^Lt-a]| j^lc. 

.^j-iaxa<__slaka]| 

^^ic. t—aljAall 

ip & ■» 

Jk-allj Uuou j-ij.mll(Single ChannelAnalyzer ) j sliill Jkl JjVI 

Aj _Jaia j ojj _L ^^Jc. AA'^' alAll (Jk.a j (_g jWj. 

ip > 

<2oli]| AaU^jill (j|^ H.V) Aallc. AiAI^Aj (J»."u'Iij <-_kc.Lja-aj <L^aa-o 

^ ^ ip > 1*1 

JS_*J dlLjalj. ^jfLall ^lArLiujlj (Ja*j j r -\~±>.s->') j^) 

C,' ub> (P.H.A.) AjJaiill £■ UjjI JkJ L-luili-a (JfLai (jj£j (j-a jji. 

jIj _c.j,(Scalar) ^jA _A° cs_cf-^_ *j (jl jjfkj Aa* diLaakl ^jlj (jl 

<J^—a. jjj-<J1j aJ ^a]I i—Likl f A?- cijUa^k-cJI Rate meter 
















O* 


il-aLall Lai • oLJ jOaJI dL-dull AAC. (jAa^)*J aIujij a!a*JI. (P.H. A). 


■ tAKa Adaj ojj 3 -djlill AiJ-aljill dCdu AA*J iS^^) 

(J\ aUV: (Multi- Channel Analyzer -MCA) cal^iall aa*!* JLA ^jLdl 

AlA*JI JIaLjAI f LajidL Ai^._jll a Lilli Laid Ajlda jA I JJ^I t- dlL 

A A*Ha (Jd-a (j|j . L _1 jaad j dll ^jill AA*ia (Jd - 0 \ Ada-li]| ^ Hi A (JA^aj (_jaaljLall j 

J» o *■ ' 

A) jJVill AjJ^jall Lai^ill (j-a AAc. l" njm A 2- ajAlll l^J a^jC (MCA) alilll 

. ( I « — V) (JfLai. a Ad j a^a A^l i—SaUI 
^_£jdj ^Lll L_i_jjjjLv!I j AjAA aLali A Y £ A^ d jdj alilll AA*La (Jd - 0 ^1 A Ad 
. aAjAc. JjA 3 ^ Adjlill dLajlst-all dJA-al aJ)Ad 0 -al^)j A 2 - 

lxud Aallc. LgdlaS yL Nal (XI )C j)j.>aa.ll ^ c. AaL^all AdaxaAl dlAlAxJI jlad 

(a*J Ijl^-?- aa-lld d^)*j Ajtdall dljLU (Jldlll (jA*-a A) A*JI (jA*-a A.Uaiill) 

I LI lAjia (j jd ^^daJ-a Al Lad Ajdl AaUa L AjJ-a (jli tLUL .Aid (_dad ojA3 (jdj 

aAC-lila Ajilla dl jjL jl aAd j Aaj_jda a jjL (_g j~dj £_luall jjlVlH L ijla (jl£ 
dljjLlI (_j-a AAC. A^ (_g jdj £jluall ^jJ-VlII (jlS I LI Lai . Ig.daat .} £-a (_JdAljV 
(Jdaia cdiLL LiLaA (jaildl (jjdL/j ^>^-Lfl £-« l_i£Ijjj LaA Ad (jla djUL^ill 
.AuL-dl ddll dai I ^daJ-a_jll (—kjoilill (_jc. AdaLdaiVI 

.*441 <JUl o^i 14 0 - r 

^ajjjLa^iJI (_jLa Ala-a_j-a A_ui ^l_j-a j_j-a j^jaiLutiJI Cjjh^i ^ 'dl^fl^ <_s^J 

aj^A^ ^J-^IdJI ^ AL^)3t-al ^.’l's."uan. ajlLoll (*JjjLa^AIjl S^JlLixall 

(J_jj-a^JI L-JjU^^all A.ah's.^a Ajtda ^jjUaj jj-a ^L_jd i_£ I l^C- 

Ajjda (jL <djLilj£ll (_j-a ‘ s '^ tA^ tA^ 

Ajdl (Jo^udl Ajua'ill Aj^-laS yl Ajtdall ^)jUaill i _gl'i-v-al Ia^. Aollc. (Jj^aall (A 2, 

■ Ajd i^A' l —Lail 3 SII Aid ^ Jal Ad 


A* 










JJJfayp ijt ^IaJI UJall •* '*j U: * ( \ ♦ - 1> 

Crystal + PM Tube 


* 

Source 



(jc- oj'ac. jAj (Cryostat) (JjLuJI ,ji>j jinl^ 1 i_kdl£j| (j-a jig.>11 j3^-yj 

Cjd^d V Adaadia ajl^a. (_gi j-a (■ gdlflll JaS'vj £j^)ii J -llpd ^»Uaj 

j diljjall jdia jk-all jl^>j .Thermal Noises ajJ ja. *lda 

^—3 j j—ij ^lijl ^jJl aJtvII dild-anll ^jiL (ADC)^^! (Jj~v.aH 

4 aijj^sj A Sjji^a dll j iall aAA jj£J C nit. aJIAxdall dll jiall dll j ji jOJ-aSlI ojSI j 

dua* p UjjA Adild ^ic. ^-alaJI i—kjlall (jdjjiij. dlldalill eliA AiiUa p Uav. AJj^yij 
1 A _jalia A^jlill dlljjiill ( jk ^All dlljWl.aH ^jjoij A^-lJaj Ajjj 


^1_allij du AiiUa dc. A-a3 (JfJ A^.LuiaH ^sL-a t—lLuti.j Aac-lJa Idajl jfLai LaS 

jj.Wi ».11 jjSjj ^1 Adj^dll ajjill ^.Wi-all diad Net area A^La-all ^^iL-a a_ ud 


\\ 






















* * 


If j_a. jl (Jjill j^LaJ jl * * ja (Jil aj^JkLM ^>3a*al A*ll afli£ jli lil. j^gJflll 

^^3 A*ll afli£ (jU LajaC .aAc ajj jill jA An*II ^3 Alls'lall A.jKII Ajaflll ja iais 

: (Jja (Jal jC. Ig_i3 jj jj Ljajl Aalikall '•j**VI 

A _jj*ll (J_ s.Ia ^LlAuJI ja f ja. (j^A. 1 La AjjC. (juLji Aic I l*juiVI (j^laajal — ^ 

dl jA_II j_j£jj (*_« L)AjJa Ij^Ln A n*ll (Jal A Aj-aiiaall Aaaflll (-. ujIAjj j i Ig.mS'i 

jaal_kjjaVI aAl_« ^ j i (Jja j jaVI l—Sjjlall dLu £a An*ll ^^3 A*jaall 

in j jLuU (—kAulSJIj ^-lj«_kiiVI jAa^aa jjj Ajjljll ^Jc. Aa")*j jill ^.m.Vig.ll (JfLallj 

jAl_k^aall A lla. ^ 3 Aili (illi J *■" llg.vll plaxa ja aAlalL i-a jj AlAxll jl (jl 

(Jaj ^.ka.Vig.ll (JSjoJI (jl jl ^ Yn) AajA I A « (jf (Jil AjjI jll jj£j Axaiall a j )**--> 11 
A _ jli I A] A'l 1*11 ^-ss £a Imj-jAc k_Lujl_jjj ^lill (jaala-aAaV I jjl LaS . (. j-ajll jAxaJ 


,VI 


'lasll (J£ jjflj (jl (jllLlI (j-aL-<aJa*JI jC- ^ulill 13-vvll (Jolsul 


. ^gjlj.aj^H L-JJau jail jl j)~s nlL) jfLaJ La (Jil ^1 ^-ss.il (Jjlij ( *-a (-1)1 nxll ja AIjIj 
(J alfJL i—LLlfJI a jjL) ^.3axj ^^joiAjA £jla j ^ A nxll diilS lij A*ll 'if US l cr_ 1 . W>~' r> 

jl (JLj uililJI (ja f lil jA j ^^,.lljjjLa^ flc. j ^al As.*Ualj ^.j-A-ajll Ia^J (Jjjaajll jfLaJ j 

j^LL) aIa* 3I (Jja flc. jll ( xjAa jJ • Lais. AxAiiY (J luA-a (jaala^-ajal (Jalxa dll) a Ala AjI 

A llall aA A ^ 3 i jjlJI ^cju-ajj i jjlJI ^^3 (JaAj flc jll jl C ns.,.) 'i jjlJI ^vss 

aAl_aJ aAl C fl _C jll j.lla; j flc-jll ^^s-jlsJI jl A-sll AjjI ja AjjjS-a Aj| jlaaulS 

. j!illl A jAs. ^^3 lg,as.s Aaojl.-sla 

(jul_ j 3 (jAaj*l aIa* 1I (Jj3 ^jAajJ ^jill j AjjsJaall (-1)1. n* II ja jJ*a ^IAsIuiIj 

^ _3 I_gjjaSj Ajj*ll Ajjlall A*Aaall jkaalj*ll (> _ s -lc- <—Sj*all j^aJ j^C-LtauVI 1^-laLaj 

Cliliutll ^ aAjs.jail Aa.Liall jjUaill jaij j j'ls'i Aj jlac dllijc ^1 A~s"uJ aJLs 

. An* II s-ssj AlU. (jaiil AEilaa dllna.ll aAA jl ^^cl jJj I^j-uLjS aI jail 


AY 













(jjAl ( xda jllai ^cIxjoiVI -laLaull (jjilli (jknJ V’ AlcbduiVI ASllaJI Jjllj — Y 
dlaA (jl IxOlj jlg.-slb Axid ojU £_d j ^ac Aixa .(Background )aiALl 11 ^La 

JJJJ <jC.lu.-a jl Aw.n)-a Axda jAL.-a.al A>jVl ^clxCij 3-aLa'l Jja.j <jJc (Jaj dH j3 

_1] (jAjjj .AicIxjoiVI A isIaIIj ^hjai La jA j jig,>11 ac.1 j3 £n (JalAlij (Jj Allc 

^aU-a ^^^Ic (Jju.-rsll jfLaJ ^jia. AiKII dlAxll jn ^ jlaJj jAaj jd La Axil ^k U-aA 
Axil AjIaj j^a Ia jjAaj (■_ l>j IaI Axil f.Ljj| AicLd'JI AsJaII jjx n A3 j .Ailxall dll Axil 

i—a Lilkll Aijiil AlalaJ <-. i.>j ALIaII Alida ^^ic. L_ilxal. dldxll Ac. jij jl Aiilgjj 

AiaL-ad (JjLui j jl. % 1 c ^11 jaj (Jda^all UaaJI IAA (JiL Cilia. j^aL^a jll jn (JjfL 

.Ailxll Ac jnj aALji (Jd~s.nH UaaJI (Jilii jfLaJ dna 


at 



gdljjl J«aLII 

JaUJI 

H ♦♦ 


AO 



JaUuJI 1 - i 

\ A^l _c. jajljjall ^^Lal (_yvt.) ^glc- L_jlaull (JjSjj jlS LaAic- 

4_ajlj ajjlill aAA jl .Vs'lC-li (jjuulll Aju^ Igda^jatJ Aic. ^^La^l oAA J-a-'.V 

6-^ ^1^. a jail! tdL ^gi (jSlijj l«id£l ^jill j AaiuJI a*_AiVI dl*_ul jc- 

jfLaJ oj^jlill (jl (■" n-iv (_)jj-ajaJI Ig.jjm a^AUall aAA jl ^gJI AjaIs t_jjlaull 

^_tAaj ^ A^A ^Ic. (_5^J ^aL<uII ^jajljjjll jj£jj ^glc- Aa1*Jj ji^Uall ^2 

A _L-ala. AjjA a^)AUa dllc-LduVI aAA jla — 1 * i£jjfi* ^lA-a j 

(JfLoU C ia.fi Al j-all aAA jlj Ajjlxajflll jl Ajjljjoall AllaJla AiDlc. (jjjalj j**Vw.llj 

j_calj*JL] ^)j-alj*JI aAA l-M- atjjj ^t-Vm.ll ^glc- ■^®- u '-^ ftj-oiuiA dlc-lxAul 

. A.a«.i.jll<ttll 

^gC.l*julVI JaLaoH Aiuii&a oAjjaJl ^ * (JfLui) 



II {UfariSII jjLaa 

jV Aac-lxAiiVI A. isIaIIj ^g-ajoiJ ^aIuusj ^jcnla (JfLAu jLuu'il Ajjj J-ai-yi (_£a!I ^-IxjAiVI 
(Ja*-&j (■" l.Wj (jAa^xall jlj AilS ^JlxJI jlfLai (_J-<uaU ^UuoiVI lAA 
_) AjjLLail (_£ jOjjia£ AjC.I*_AiVI A lslA.ll jiVij .Alania Aoiaj dll Jj3 (_^Ao 

. Aj».) iJ-all jAL-a-all j-a jLauVI (_gjll (jjJ^-aJI ^-LduVI jAU-a-o 













A js 1A.1I jdl j (jl A. ;».j1.1-ill jjL-a-all jC ^cjlill ^LtdiLH jdti jVI diJ i—fijiti V 

jl_uiiLll aj aa£ adli dll j AacLtdiLM A. isIaII jl jj'aj jd^lill j-a |»a‘w AacbtduVI 

d 1,1 ua ^jillj (jljai^llj dildll ^ adS-all AjjI jjll dll jilall t> (%1 •-*) j' ^ 


.AjcLtdiLlI A. isIaII jc AAili jLuiiLU Ijjiai 
^gi Lf JJ^ Jla ajai£ ^-ILlII jlali-a jda.i ^3 AacladuVI A isIaII jl dllj (_g^ c - (J^IaIIj 
dl aa. jjW jLH ,_ 5 ^J .A&laa-all a3A ^^3 ^ILtll ^3 jaj-ax-all jaSI jli dlSj £-aj dgJI 


aj & _3 ^1 SJ dll3 j-a ^C^)llij Id*. ajaaS jlala-all (jdaul AacLtdVI A. isl-s.ll jl 

ajl jj a_i_i ui jll ji"i».j jd^lall j-a jAl AiaSj.ajaaS (jdlj-aLf dlLij-a-all jjlala-all 

(_jlj A-yt-^-i j^lc a3^j-a aJjI d».ja Lf j Aac Ltd'll A isIaII j-a 0 ala ^ILtll ^^3 jUa^all 

L>° id' 

IAj».) lJ->ll Axd-all j^ld-a-all ^a-4il j-a 

: (Cosmic ray> tyy$SJl <yfa«i2l V -t 

(ja-a dll j-a lg.d-i». 1 jUadj j^i.jlAll a-ldallll ( ^3 oMx.) j£Lal j-a AadL/l a3A IdY ~1 

^1 j a. AjtdVI a3gJ (jdjxall (Ja-aaj -Aa^-jlAll dll^a*-all j-a j ^joi-adill 0 A jail elaal 

I j—f‘ £ud_i AndSl' *di jJl j-dfli' ^^Jiaalall ^ Ltd'll j-a jLuuLfl Al (jdjuaa La £jj 
(JLlA AaaalA (ja-adll jc jd-aa La Ig, i-aj dn ill ^j^ll »ld-isll ^^3 Aa-aadll dl-iljavll 

Aacl*_dj Ac. ja. a^l j-a i Aiuil 1 (Jfa jdj-a jl a j-a C l.lAi ^jall Aa-u-a-dll dlLaJfc jail 

. (j^ajLU j jLtll i—sLlill ^gjj ajaaS 


J LaA jaa-ud j ja-a-jj j-a Adjflll And*)/ I j jfLiij 
.Ajjjldll Adjflll AjtdLfl ^lallJ AaduLfl JjLfl 

X * • <_ 5 -ll_p i - (^ld Ida* Ajllfi’ AaLL djli dlljjjj^j j-a AaljL/l Adj^ll AxdLfl jjSdj 
j-a % ) ^11 jai.j ball dlLaa-oti. j-a % 1 1 j AdjSlI AjtdVI j-a %AV (Jildj McV 
dll_ijja^TilJ %1 ^1 Jia.j XI J £ jai La (jjLII 33*JI dllj dll jLII (_5jj jdwj 


AV 












£-a (Jc-liuj l^jl La£ . Jl jid^l ^lc a^)Xl£ ajj3 IgJ jU dill Id. 4_Jl*JI AiilUl dlj 

dll jjjj_jajj Lad. AjlLuI j dljjjjfLlj dljj ajl_j^a (_£_jdl <dLl*JI dl jj j 

ij—* ^jjld jJpjSH ^Ja~» li>Ui ^jSLj *LiA*jjS!' i— d - ad Vj. dljjja^sj 

4_ajjLII AjdiL/l ^ java (ja %Y » AaljVI “UiJill AjlLuLM j_$£jj j^“Sl t)da 

Aj« Ui^l Aj UU jl j jjj o « ^ >njLildaJJ>II (jd^jtJI Id.j _^_dl ^.3-axai j jda-a jjc 

^(_JS__joi. jaSli * ^liGjI j^lc ajad (jjSaj (JajLfl ^Ixui jc ^lijJ^L AdjfLlI 

.(It - d 

jl A_JjVI A_jjSlI AjlLuVI Jcljj jc Adjlll AjlLuVI 4j_jita3! Adj£ll AjlLuLM Lai 

dl_j j jdILM (J_La A _iad dlj jLa j-a jj^Tlj (_£_jdl dLUJI dljjLaa 1^-ajL-d 

aj & jj Sj dl jjjj^ll j dljjjiij]l (JLa Aid dljjfLaj dlj jj jll j dljjjadl j 

.^S Y • ^JLj jJajVI gJam j-a ja*-a ^Ljjjl j^jlc ajad AaS^-all 

:La*Ja <uh«iil >aUaJl V- -1 

4cj^. A_i_Luaa (jjajL/l a jls LljoiIj l^)Lauj| Ijxnli Ajtdall ^)j^alj*JI Ti 
tAdjfLII AjtLuL/1 j-o Adjljll AacLdL/l Ac^jdl j-a JjSI j! (Jal jjSa j3 AacLdul 

: jac_jj ^^Ic AjuLiVI aj&j 


AA 





Jaji I Qh* iyyjSJI ojmi <j t- 1 ♦> J£«i 


/ 



Luflhanvi 


J& AjjjSJI A&uVI jt <auLU! At jail 
^ jUi ji» ^isjj! m't." 

~ 52 mSv/a (= 6 |iSv/h) 



4 


AluVI jt Ajjlill At jaJl 
jaJl jku jjluuiitAjjjiJI 
<|jLuJ 

0.3 mSv/a (=0.034 
|iSv/h) 


^a%\ t^l j <vmII> aUaJI -j 

<ijjSlI ‘Ajtjui'il diLi£^)-a yjj (Jc-lidll 4,-s.jn .aIjjj j 

j OOV <-_Lk-aill ^ (J-i' 0 ojaiai-aJl ^>xaali*J! Cliljjj 


.4_jjj£ll 4 j« _uiVI Cliljjjjjoj (_j-a s-l(Jc-liG -AaLac. j_ja (jjSaj 


4jj£j .lie. (jj^j 4ac.^>^. j t-la. 4,\;‘u>a 4a^.jLi. 4ac.Utjail <c.^i_> 

7 N 14 + n °—■» ryLoaVI 
,H‘ +6 C u 










Ai i-dj-aC. j jja. jj 3 -Jl £ da jjid jA ^jjjjjll j$3 ja.VI £-Li-a]| jj-ad*JI Lot 

a I j _gJI jja.JJJJJ j-a AdJJI AjtdLM dljjjjjj (_Jc-lijl A,-s.jn -2jJJ AJd Y » X Y . Y 

:LUI dtfjll J 

7 N 14 + 1P 1 -> iH 3 + 7 N 12 

jjS AjjJI A.-s.\mVI dt jj>s"i L-JjlaJ (JLLa. A.xjJlt J ^ jjjjjjII A_ad djljjl 33 j 

.(jdjV! J=ujj 
J-fiSI q|^ <Ufarill>dUaJI -h 

1_AjaC- i- tjuail Ijidj Aa-dj^l ajjjaill ^3 buuilj IjLjjjl A.ja.j Jit Ajudall -ll jail j-dYi 

I^^A JuLLuj AjujI j-a jjjj 3ljail a3Aj jdjVI jjj £-a djjj l^jli (JjjJall 

:YrA -fjailjjJ aL X.-I 
jail jLLa j-a <- ll'i's.-a (_j5sdJ AjurJall ^J AJLlajl Jljjj Y V A — ^jjjljjjll .Aal jjj 

^ Ja ^.atj J (_)^d (Jladj Ada Y » X £ . 0 ^ jLaU Y Y* A ^ jdl j jjll i L-dll j-aC- j 

jl da (4n+2) j-aJL A.L,Lalt a.J j-ajjj js"uji-all j^aL-aJI jj-dc- Jl (_JaJ 

• (Y - £ ) <JjAaJI . o ^ — o Y (jjj ^ jl jjj n 
J Y Y“ £ J YV » A.jfrsll Ujldal A.ad-a jjUaj Ajtjjl j-a A.x )J1I jj a jdljjjll jjSjj 
jjljj J jA j %H H. Y <* JJJI J Y X A f jjj| jjJ aj3j jjSjj . Y r A j Y Vo 

A jj 3j3 Y V <Jjjjljjjll Lai . % * . » * °A aj3jll jji Y Y“ Jjjjljjjll £-a ^C-ladil 

A jjl£j2l jjA-j-all (j jaj . l-ia Aljlij ^^3 Y Y“ • ^jjjl jjjll aj3 jj i°/o • . V Y (JjLd 

(_L-aJ LaiiJ t jjjLaltj <=■' .>■' (ppm) ^ J) J~aj f cjr^ 

j .jj_jl-all ^_3 !«■ ja. Y Y » ^1 Ajjldjill jjd-all j Pix.) ^2 ^jjjljjjll 

jl_fLal l*_U i ja.1 Jl ^jliuijS jda jj ajjjljjjll jj£jj L ‘iL's.j Jj Aildal 

dLilSc- jja_ua ^g2 jjjUlLi la-j^- Y * * Jl cJaJ ij (AadajLM aj£ll Jc- 

j-aJjoja]| (JLa*duV I j-a ^Lil . jjj jj ^3 j jjLaJI ^3 I a j^- "Y * j-a (_jsl j jl J*JI ^3 

a!_Jl J j AjJjil J jjjI J Jl jJJ J J Jl 4c-l jJI J AjjILuj J]| aduaiLU 

(jdaLaJI Aaia-aJ dc-j a ^jjjljjjll j-a tLLjjdqH jd-aLa. ^Ja-aJ^f Ladc-j AaSjaJI 
jjc- (J j'l~v j (jilt j ^ajja. Jj-j Jll aJlLa j-a a jjjS C >lj-a^ 3] jJJ 













Y ¥jjjll <luiLui ~ i | (JjAaJI 
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£jl_aal-a ^ a A-a£l JJ AalVl Aaiu AlfLa-a L_UxOJj ^ joj| JjJI (j-a ImVUji'i Aallc. JySI JJ 

Cllj aj uaj^al j ^gjal j ^C.l*_aii! JaLoU Cali ( x,j.'j-a Cala Ja na.jj aJLajaVI 

Jj Jail i-_L^a^)] Ajalajall dllajlall ^2 a11a»."ujjI Igaa Calaliill e^A (_ja ( _j-ala"lll a 

^j ijljjjll (Jaiili . Igaj' 3 J- 1 Am. a Uan AaC-ljJ ^^jJaljVI Jl AasLjal j! 

. JjauVI ^-»jaa ( JI CataLull J oliall jj-a Ljajl 
lYVY ALaLuT - i_j 

(j_j_ Sjj ALaLall allA J)Lajl Aic-j Axa-Jal! ^3 ajjjJ_JI jja JLaajl JSI ^jjjJIIj 

— c Y (jjj ^ jl JJJ ?r.J~yj-a 33c. n (jl (■" na 4n Ja Jla J J)-a^)j j ^JahaII (j^aL^s Jl 

J j»J^J_JI JJ • 0 A 

t Y Y“ * ^aj Jjjall _A Aj« 1 aa jUai a3c- A] j t .Yim^l (JfLa J Au>a JM a Jia]| 

jjj . YY“Y ^»jjjj!ill j tYV£ ^jjjjoI! <, YYV ^jjjjall t YYA ^ajjjjall 

j . (jj _jIaII ^3 la-Ja Y^Y* j A.) (jjj C~n')l^)aJlS AailS^JI ^jja—^all ( J ^ajjjjoll 

^j jAj-r-a'I 1 J ^JAxa ^3 i (Jla-al i ( Jj V*. ® j\i i ^ajail _jjail jJI ^a ja jjail Aua'i jJSSj 

( Y — £ ^ (J jJla.. Ig.'lA AajlS^all Aa^ala j 
j ajafLi jLaall j Calaall Jl Jajalf lillil^«. Lall J Igalajj Alia ^ajajjall AixulS! ja-aai 
jja Alalall ja£ljall i^yvt.} Jjaj ^J*J j -1.1a Jals AaaJI JaaVI ^ a3jaj (jli I.J 

^aj_Jjjall (Jaaia . jLaall ^iaui ( __ s ^ c - Aa-aL-aA-oV Aaiij IjLial jLailll ^ajJjjoll 

VI jaj—Jjjall ajj V j ^ .aa Vnl l jl^aJI (JJjia Cf. Aajlj^JI jUAiVI Jl 

.^ajojljjJI jjSljjJ AjjlLalL ala-all J l^a AjJaiaj-a jj^ljaj 

UaUI a^J ^-ajjj ^jaiLa-all (_^aaUaa Jla ^^ajjj Y Y” 0 ^ajjjljjjllj ALaLall a^A I^JJ 
(J_ lla L 'la^i'lll JAC. (jVJ 0 A- 1 * jJJ T T.iMa J^c. n Jlajj (4n+3 ) j-jlla 

. i^y JJjt AlaLaill a^J Jl*a Ajla 















CK 3 ' ^ JW grfr^J (<^ ^ .xX.X du^all _^)ac) ^ajjjJmlL aIaLjJI aAA Iajj j 

jli (Allil i[_yz aj^l _^)a*J AjjlLa (_J3 J __)ax 3I L <U^Vl j)V I Jajj 


bAA __)j-<aljc j)A JLu Jj.(4n+l ) JaJLl IgJ Ja^)Jj l^joilaS jLaJ V Aja£ ^ajPP J Jl 

. x . n djA jii vi UuUi 

A JjVI Alj aIIj _kaall <-..1J J J Ji-Aj Jul}LuJI aAA ^}j-aljc. j)A jjJ AAc 

Jl ^-y-yllj djjLi_Jll j)A LoUaII dLIdll (jlfLui (jAa^)xJJ iAUaI . c-li-lll jJ <a.~>'S.~~Uj.iaII 

. (jAa^)*jll j)A Aj J A_i^. Jd Aaaldal £- 

^3 (jjLl V A3__j X X *1 ^a_$jAl Jl _jA X V A ^ajpj Jjall AIjaIau JilaaAdal ^tjl _jj ^aAl (_JAj 
Jajj (_£a1Ij A_daJ^I e^Jiall (_ja A_raJaAull AjjJall X V A ^jpjJjjll £a J Jl aJL^. 
Ls _Jc. ^j-dd jll Aj jll jl ^jd.-all j)A a" w./n gJIj TXT jJ Jl jade Jl 

(jjpjj_II Jl JaASJ l" U-% JlddVI (J Ja (jC (jLuuVI ^aaj.|-S. Jl <Ja.AjJ aJjjl JJjll 

4 dlj ^ J a. Jl (jjjl lda^)XA Ajl^jl L~~ 1 J.-aslI Ju J I^J3 (Jldljj 

.AjC Ap*_Ua 1I UII dLaPjali. 

Jiajj Aj iXX'JjjAlJI (JVlaajl (_jC. (j»JJ V. A Ajdai ^)ac^ uj-'IJI J-C- l-^'J 
J*i J ^ jUJI w*ii JI M aIja J j ijajVI J jd-VI lAA Aj^-j (JaI£a 

J ^aj_jjJjjll AUja A_J^.J j)C ^.Ij A.jd J/1 e^Jiall (jjAl Jl ^^AUjjJI jAa-aAll 

^lj—«^l Lj—a j J Jl j£ J (jli IJ j .IJ (X X * j J Jl jjij) ^ jjjJII <LaLj 

. JJ-Va-^ll j jjll J ^aJJjJIt J ^ajpjljjjll J^J L5_?J! 

A _I _*pj Ia^.a Ljc-Ltaaij J^a-aA Ailaaj ^jc. <A^.liII 4j|julj ^a (jj-il Jl Jc- -is«P 

a-l J_gJt _Ij AjI-Jj ^-0 jJoaII (JjA| Jl Jiajj . (JiiS nil A. ;1 a». } JA-IA (_5^>jaull ^ajaJI 

til Ij A *j Ajsljjtll aAA JajjJ j iAaSlixllj ^^ajjj a j )x. CIiUUa Aj _Ja Aa3 J*pjj 

Aj« uoaII dll sIxaII A j Ja AajIj ^ * * j ) Jj j_ ja j (JVlia. AjjI jJI dlaLt-alL 

A_c.^)JI jJ I JiS ^aLou V Ajli (jjAl Jl Jc- (JjaA. iujij j •(jjjJll j 

A _ jJI ^g_ a L_jxuJj jPaaaillt l ‘laa-a'ill jaC dlA A^^Sj C iJVia (jl ^jjc- iAaclduVI 


















AjC-Ldii] Ac-^>a. i (j-a tAjA^a dsLaJjaa. j-Vaj j 


aSlI 


.oda .j £-Udl A juai La ^ic. oj-a ^ * * Jj jj 

^j-a ^jj-allj Alp^)}| Ajj^j]! dllj (Jjlia]! ^3 jlc- Jy^jj ^jl i—Sj^xall (_j-a j 

a.~lj>ll AaLLH ^ j (JjlUl alAla ^lc.| j>~aH jl Colau^l 
^»! ds_il£ AjaJaau taliall jd-a-aJ l*_u oJy£jj j aLall ^2 jlc- 

,^jLa]| (_pa_jaJI Aa._n.Lal j iAolia-all ^LLaLM jja Lb I j"lval l*_U j iAj3_ja. 

A .jjLallj A .jjt.jjJ-ati _jjl .a^aall qC- A.Vilill Aac.l*-ul'^l ^ —£j(JfLui 

^jLalVl lg-1 a ^^aJI AjcLu^IIj 


























(_Jf^l jjia) 1 A<3 • qa dlljjsall£ Aas.J-aj.j.ill ala-all ^JJ ^jjj|^)ll ^Lu 

(Jj-aja ^uliill __ji Lai • jLLM j Jjl^sJI ^ mBcj/L Y'V • V 1 ^1 1 Ao ^ j <(jal 
a!_j-all _a ^aill oLa (_j-a ^lc.1 ^1 jaSljoll (_Ldj (jl (j^-aj j IL& Bcj/L Y'V j^Jl 

dll_j-afLij iA _ql"i-s.-a d!_ j-afL) uajLill ala-a ^3 (jj-^l^l jlc- a^ljJ A-saVi t AaSjaJl 

iAdaiida <i-s.Jaj.jj 11 ala-all ^^3 Aaj-aS (jjSjj >( ^3_jaJI jd-a-all dlL ala-all ^^3 A_u_jjoax-a 
ala-all ^3 (jj^l^)ll ^j-a j^-aliall (_^jad Ia^J j AS^javll ala-all <_j-a Ac-^jaJ ajjUaal 

.a.|j^JI l^JalLaj ^a jj-a j italic. ^I^jI ^Jl l,g.«.3^) jl l^aalsaj 

A. . u aiJall _jaI _L-a-all (jc. Adilall Aac-LduLM ^^)aJI ^L_) Y — £ ^ (JfLuill ^dajjj 

U _all _aJI (j _a (> _ s ic-l ^LalVI Ajill (_^a^)*aj ^^all Aac.lu.-allj Aaalallj 

Aaj^jill AiUall dluaj-a jj-a (jAa^jtaJ ^^aLalLH A^jill (Jjj ^aalaJl (jldV! 1^1 (jAa^xaj 
^ 3 j ala-all ^3 l^jajS ^all j^al-Xill (_JaaaLJI dl j Ajda-all ^)jaala*JI jj-a j 

(jj^l^)ll aAj^l (jSLa-all 











i**L\ mmUI Jl$il 
jUil $ JaiaJI 4 cLu0 


(NORM) 



\ - 0 


el_ball ^.uv'i dl^raj jl AaLas e-u^ljj (_JfLaU A.JX nJ-ill Ajtjoulll AIjaII ^^}la Ajo 

j Aa^ _i-a (JSI_ula (■_ 1 u/l Igjli 4 AaJI*a jjjA jl*JIj -laiill ^Ij'VuJ Aa1a*J AasI^aII 

i_aJjj 1I AAjljaJI CaI-IlaII (jA i_Ajall_> ->£.IaC. (JaLI (jaLaUtll i^ya^yu (_£}li. j)A iAajaj 
( jjjH a (jl (jfLaJ LaL^. AjtAiil CaoI^j (jc. Aa^.Ia Aa^.jL 1 AAobtlul 4o^i. 4.iL-^all 

(_jaj *a1I _ a. jjA I^)3ts (Jal 4o^)aJI eAA jjVi j .AAAjAjaJI AaOjVIj <-. uiIaVI 

i_s jJajj j AaIajas Cjl.il.aO (JaIa. (j^Lal*JI IaIsIjj (jl (jfLaJ ^^^aII c^^IiIaII ^^ola-CVI 

cLJjj A,jj«.j i3-all AjtajAall Al jaII CaIajoijj ^^Jo AjjljaJI CjliljjJI J I—UjIaVI J CaIAjlaII 

£^aIa _ J^l (_3 _;^)la (jt ^aUj-nI J] AxCiaII aIjaII aIaIaJI dljJ^jaJI (_)_jl.A (JIa'WV 

.^j^aJI (jj^ia j)Oj4 (jUjjTujVIt 
(_j-aq~s j)A AakCi IaI t(jiii.Llll (jA jjj£ (_Jj 3 jjA IgfuJjA aJ t-_lujlj^>ll j)j£j o^)AUa 

I_a Ia& j 4 CjIAjlaII ^^lo l_UjIj^)JI (jL-aollj ^a£ljj A.-yni idll-ist-all (JaO ee-la£ ^^3 

oA jAo A jjIajjS j AajIaajS jjjl jia ^I.1t>.*u.uIa (_£ ji-Vlj AajAII (jjj Ig.SiJVn J] jOAj 

. (■. Uj.iI j^)II eAA (j_jSj (jjA Ajj|lj~vll 

Ala jlillj Jaiill Ao-ll^a (jo Aa>aIaII Aj*ajiall A,».Cia 1I Al jaII ^-^jJajA A_uiljA CjIaj 

* 

jjjLuJI ^aaS_jja!I aIaCVI (ji ejJA^ CjLoiI jA Cj^Ja ^aJ e^)A JjV Ia£ ^ 1904 flo 

CjLjVjJI (ji ejJA^ CliLuil jA dj^Ja CjUjjj^ljJI AaIaj J . CjIajjjjouJI tjk LuIaII j 

A_jjIavJI Ao-lu^ill eAA ClllallA j)A (j-alUll A.Kj-ja jjgJa A.-yj\j Aj£j^_)aVI eAjHall 

AjjjII j (jjLlxJI Ajlij j ^Aa3|^)a oLja t(_iAali^a t_luilAl_ ja 1I eAA (_Jlal 
jt L-UjUVI tdjlll^jj^JI tdiLkCaAll (- 'ijJa'n JLaol (jo ^lll jllxkVI 

A la^ ejjl.VI Aj j^\ ^ ^alljtll 1-aViH CjIS^jAi ^IajAI AlAjl ^aJ.A aAHaaII i _£I 

* 

Ajidalt Al jaIL (JIajoJI (_^3 eA'll"l^ajj| jLil ^3 IaA^j^. j l (jl A*J ( \ ^ K\ ^alo 















JfLaUj ^_jdl a jjjS dlLuil^J dl^Ja idlj -3*Jj 4 (JaiilJ A^sl^jd! Alxj Jdl 


.AaCaldl Jjiid! (Jdla. (^gJ-U-aSJ 
; jlill j Jaiilt <&l*u<*i ^gi 4-l*-ulall 4 ».>ma 1I djdl Y — © 

(Naturally Occurring Radioactive Materials) NORM ^ddu -ad I^a^jj 

l_y> _*J j^g-a_uu j .4_w_iddl Aadiid! jl _jdl ^gJI _jldl j iaiill Ag\'\xs* ^3 a-laa-adl 

yl_uiNt (J_*JSJ ^^_A^d^ LS^)^- is^ Ajtdod! J)!jdl (jlaaVI 

Technologically Enhanced Naturally Occurring Radioactive ) 

.TENORM (Materials 

(J_laj ^cjlj_j ^gA Jaiil! j jldl J}3.3 l^-auldj Iga-Tj's.i.jln ^gdl 4adiidl d)I.Yj^dl 

aj_& jtL«j y238 ^Aj A.jxJ^j^l Ajtddl »dl (j(jjaLoiLdl 

V-rfiJ* LS~^ J_add (■_ udn 4jjdl ^3 lAAa.1 jjj (Jj^jldl lg.St--»*n ^)a*J djodLdl 

•U - 3 

j t4jjl_UA _jjSljd jldl j iaiill (_jAlfLa ^2 4l».j iJdl Ajtdod! jl jdl Aajj 

^>j-aljdl (JJlaj j. j~s."uN' dlLiLaC- (Jdla. ^lariM £a d^jdl a.3A 

_jl dlj Jaiill (Jj3a (_JA Lola. L_alda! Ai^jla J.'iVujjIj IjxI jJo Aa.dril 

jl AsjAadl l^jlc-.3 jJjaa ^3 jliJI J Jaiill diljA^ ^3 aJ^ja^jdl A. jlx-dl d^jdl q\j C i*ui 
a j_A (jV id_lj jt ( Th 232 J )<* _ ddl ^glc- ^ jWi V ^iadl ^gjc. 

i—sLauSV 0jlaS djadl a.ldl jl 4,jJ-a3'ill jIjVI (_ja (Jaaij V ^>j-aljdl 

_idlj (_£jjdl (Jj-iaJI ^j-a (il) Aailall Ax. ja-vaII ^gic. iSj^A (.^dl _jld !j Jaiill 

(cations) AdLdl diljj/ri ja jjSij 




















rrA - ^ijjj (r- o) 


il t>» j'iU nil 


Not mobirzed from 
reservoir rock 


<)W\ 


m Rn 
21< Po 
2u Pb 
2H Bi 
214 Po 
m Pb 
m Bi 
210 Po 
206 Pb 


6* L 

Jl.jUJUUI 

tu 


£•» yi&Jh 

gUs'J . 

o: 

jiLJi.jUJi pi 

i! 


i< 


v 


2,0 Po 

m Pb 


“ u 

a 

4470 *ltfa 

a *Th 

p 

24 Id 

2Vm Pa 

P 

1.17 rim 

*U 

a 

24S5«10f'« 

m Th 

a 

754«10*i 

™Ra 

a 

1600 y 

222 Rn 

a 

36235 d 

2,8 Po 

a 

11 mn 

2,4 Pi> 

p 

26Smn 

2U Bi 

P 

19 9 run 


2,4 Po 

a 

164 3 jb 


m Pb 

p 

22 JO a 

™Bi 

P 

6013 d 

m Po 

a 

13640 d 

**Pb 

stable 


gaai>y 


Al 7 


e* 

jlill 

Jm*JI 

QLSjAl 

lr 


™Pb 
21 °B/ 
2,0 Po 

206 Pb 


226, 


Pa 


222 


Rn 


216, 


*P0 


214, 


■Pb 


214 


8/ 
214 Po 
210 Pb 
21 °B/ 
2,0 Po 


206 , 


Pb 


_jl jVI _'-* a u 4 AjIjuJI t ajjij j t j_j-a (j£3 

•* 226 * •» 

— jjJI (Jlrvj (_jc. Re ls^ is jp'v 1 s.La a.-n.j'Vij 

p -o) vrA 








































.(Y -O) L&S Th 232 aUL» Jki JC Vsbll Ra 224 j Ra 228 dLSj. 

XVX — <Luilui — ®) (JfLui 







212 Pd 


£ 

4 
































j)\ aril jl JaAj_I! s-Ldl ^J3 3Va Jaiis d^ljJI ^jUixill ^jUl 


^ 1jVI AuLaVl <LU1 jjtki jV (unsupported) o.Vu^\l jj 6 jSUaill L5 -djj 

^ ciSSj 228- 2^11 uj.jlJI ^ ^ Th 228 jTh 232 jU 238 

(jj) ^ LqJ _ic. liS^VaxJl Ret 8 qc > 4-^j^Sll CjIiuj Jill j ^jLJaVI 

J_IjiLall f.Lall ^3 _]*cu'Yi 0illj Jj-iaJI 0o 11 Ac. -oil _^o*aljc. dlljjj! 


dll il_jJ^]| 03 j_ol (jLj^ II A jLla L^du J) A^. jJj )-»» >>»\l (j^aliii! . jllll 

^_a dilj jj j^ll j diljj_>ji£]| 0 o •‘uL^a cjL£_j-o J£dj I^jjoijj ^gil (_jjllj d)ljjj_j£]| j 

L^o£ Jlill j s-LcJI d^Lalx-a 4_iC.jl j dljl ClL>l_x-atfill W dil jJax.ll c dlxLaj-all u * niUVl 


(r -o) Jiiil ^ 

Jaioll Ac. 11 j .^-1 ^2 4j*ajJa]| AjtojLoll jlj-oll (j^Lal^V — (JfLuJI 
















































j _ & j^ct^ii jlc j yy j i y y "i ^a_$jc!^)ii iLn-a ji jfLaii j-a Jaaa.Ha j 

_3 aCj_:pj-all lYVY jjall j\ YV A ^»jaj|jjall ^^Aj ^Vl A*ja-all ^pllVill j-a 

_i-*alt lj ujg'l Call-a^j Ca.jJ jjilt J C(_pa^)VI Cllaa Aaa.^ljJ>H j-alfLall 

jac ^^3 jj-vt-^ll aCA j-a 1$. ja. ^ajJjjall j ^ajajl jjal! j-a (J£ jl£ Lai j .Aaaalall 
t-laij i AaJLa j AjCc ala-a ^^Jc (_£jpAi (jill j (jCa^jaaJI (Jjl^pa ^3 a^)aj£ Aa.j.lj AjtJ-a 

j-a!_£-all aCA j-a (Jjjail AS^paJl HalSj aLall lalL-a jjfLp ^jjct^ll Lai . jlcj 

aliall ( ^2 aC_ja.j-all ^jjjl^jll Aa-a£ C-aa*a j .Jaiall jil^-all a-Lall £-a (jbjLM ^.Ja-a ^1 
^ajaaljjall j-a La ljaa-aj jjA— all aCA 4a-aSj A*aala ^^Jc tiaiall Aisl^-all j A An-all 
J iJj-^ j -la*_iCall (Ja-a Apla-aa£llj Apia jail! Jaj^pall AiLCaj i^jjjjall j 

.(PH) Ap^aU! 

Cal_aLac (JH_a. (J_iaajj .^cJa-all j^Jc ^lajVI Catc*-a ^11 jpll j-a (Jilaal! (_JSaaa 

j -la*._iCall) A _alia jail! jj-al j_aJI j) \x. n t (JlaajV! All-aC (JH-aj Aql'lA-all AaJlx-all 

jl_Jji j^paliA'il ^11 dil^aiall aCA (_£CJp .^lajVI (JllApla-aaSl!j (■■■ lajl^paJI 

s* 

«^ajJjlal! j ^a^aaajjjiaull j ^ ja-JlfallS Lpla-aa£ A^aLa-all (_£^ja.LM ^)J-ala*JI J ja_jjj^)ll 

J_JC __p--alj*JI £-a Axta-all ^p-ala*JI lil^jLoUJ .H-aj jl AlL-a (—lull jj jj£al l—liajis 

i—l uji) a_a pLiLM <—a-il j^>ll aCA jj_jfaa ^3 ^jiLalt j^jlall ^3 aC^a^pall Ajtaa-al! 

j-a Alp-Ca Cala-a£ aJllc- ^^Sai j t(_l^_jll aaxujil! jl (^ajjjlall Calaj^pS ^ jjj^)ll 

J_akb AaL-all (-, UjjI jjll j (ji._jll (^^ia; .Aisl^-all ala-all j -laiall £-a AjtLii-all ^p-ala*J! 

Cal_i! jA. j j_i^aill Calal ji. j jiil! -lajlaA Ja-a t jlill j Jaiall ^l^paa-al Caljbt-a 

j! j_fLaJ (_^L1! jji jll jlc- lillll j-a ^aaiua j .A^JLall alpall j Aajt^aJI AaJLt-all 

^ _ip j .(J_k-aill Ail-ac. C*a _jaJ! j^paaa (_^Ll!j Aisl^pall ala-all ^3 Haaa-a jj^J 

# f 

Cal j_jg.-v'i AlHaaa! 0 al_p ^Sl jia3 jil^-all ^^jjtplal! jl*J! ( x-a LCajI jjC!^)ll jlc. 

_kCall a cl_cl Cal_A-Ca-a J j_jAcll CaLa_ki^)-a Ji-a jlitll AaJla-a 


















Jaij_11 AjUj.m 1I A~v'Ull l^ia a^yo£ dlljjfLa ^3 Ajx nJ-all Ajuaudl j jJI L_jjaijjj 

_j_ l^yaj d)|jb«-a£ ^tSjVI dsl.3*-a j (j^ajVI ^ixiai ^^Jc. Aj^^all t^yJI (JJj 

^aJI jj (_$3j j . jldl ^Jojuj ^^Ic- iJIaS j tAaaJLall aly-all ^ejoij jlalia tdlljl jiJI taly-all 

_lc- jjtj ^jillj Aj». n3-all AjC-ljojiyi dlLjjUu.all ^lijjl Aj».jj3-all Ajtjouill jj-all 

• Aal^lj jl Ay^jli. jjabtll 

As i-a'ila j_k^-alU ^ Jl t |»j jj^>]| _jlUaj jc. s.^joJl (_y a*J (- ‘jl'l'V.a jjj^jll jlc- 


jA j i jjJ-aUajll J-a».j.>all j ajI^yJI A^.jJ ^3 (JaLi. I jlc- AjlV t(j^.^ll j (■_ UjjI j^llj 

j AJ_i-aall l_j _uil j^>U Aj j jlill AfLuJI AjI^Jj ^jLu j . ju^ik l ^ys*J JlVn 

aj_A (j_a ajj_k^all LaLi. A*joiI (_£j'ujja ^3 ojljj ^1 (_£Jjj (_£ Jl j iLaLaJ J^._jll 

. Y ^ £ Cj^ a jJI j Y 1 £ (_j^aL^a^>ll _jl t (._ UjjI j^jll 

j_a aj_J3 Ofrlajj ( Jj-^aJI dlljl ji.) Aslx-all AjC-jVl jjj^)]| jlc- ^aVi 

J Y 1 £ (J-al-aaa^>ll (j-a (J—S jAJj AjjJ ^C-lajiVI jjljJI (J j J.- ^^ ^Jl jajll 

j_a £_j-ary'ill jl ji. jl AyjlaJI j-a jjj|^>ll jlc- ^l_yJ La I j j Y 1 £ dl ja jJI 

H 

j Y 1 £ j_ya\ _aaa^jll j a J £ (J 5U~nl dlc-La £aaaJ ^^jlJI J jj J Ajj^JI Cl)l~v'U 

_11 J_^i.JI <J]j 3*J jfiaJj ( ^C-l*_iaVI JaUull JijjS jl<ft$n i—SY \ £ djajJI 

.AjIaJjj jjj^jll jliJ (jaa^ytJI (jjJ (jl JiJl 

A _jji t jl_ jjjJI jlc. j jtjjyi jlc- jLilc* Alakj jjJ jj3l^>ll jlc. jblc. Aiakj 

Jaj_lai. j dll_il jaJ! J dlL^_i^aJI ^3 jj^l^jll jlc- j-o Ajllx- CllLjj'uj.ia _jlj 

^ _3 Aia JJ^I i jlill AiJljt-a diUola ^3 jljJ^yll J jlajVI AiJla-al Aasl^)-all ^lajVI 

Ajtaj^ya dAjjJua 3aa.jJ jl jS-aJ Ajl iwjj^x^a j .Jaiill -lai. ^^3 (_5^>^.VI jSLaVI 

jl stll ja a^yjS dlly-aS j javJ LaAic. Ai-aLi. j jlill CjUava ^3 ^l*juiyi j-a 

.JaiuJaJ jl 















j 44 jaiill J jVI (J S Jalad 4_«_Jall 4jdoall At jail Aal jj V 

j Si j 4 4.-s.~n.aH aliall ja ajjJ L )llaS j aliall jia. JliA jSj ^1 ILI 4_>_*ala. 

^j _aa J^-sual j}3l JJ 4ax_nlall AaJall Al jail t_lui jj AljAjt jL (Jjjjll jSaJ aAclaS 

IL_& j 4 JaJI Jl 4j jaJ (Jajil ^»lall iaiill Jc la*, dill jj alaalt ja ajxiS 

(jAa_*J JliA AajJ jl jSaJ (Jla 4j| Jc .aliall ja a jjjS jss ^laij Jj (_£A jj 

(jAajxull (j j'uaa dlauljS J jJj jjjjjJI jdaLllI (_y a*J als Ailj. oaU! dVlall 

1_aS 4 jjj _“ill jLVI ja AAC (J *-. ) jliL/l J dlAxall /jAa*,j ^laja Jc ^^cLuoi V] 

. 1 — ® (J jAJI ^3 ^da ja 

jaj Jl (_JaJj Liid Jjja jL)VI ja AAC Aic ^cLduVI (jiajallll (jl lasU 4a3 j 
4 _jjj _Jl 4_j*_ulall 4_jilalL Ijijlija (jAl 4j«ijja dlcja. j .JJ,Sv\h YV.° 

.(fiSv\h * • * ^) <JJIj 

<—S l~~l-sjj jjjaUaill la*, dll j ajl jail 4a. jA ^J Llala I jlc j^3 jjAl J jlc Lai 

j_<aC jV j 4 (J_a J J J-all 4_laul jjlL 4jL-a!ila As .jj Jill j-pl Jl jlllai jc 

. (JaJl j 4. iL^-all l J jjll <J 4jjjllll 4.S uall ja lalai JiaV 4jli jJaaS 4j <da*ailt 

^ 3 aAljj ( Ja*J La lAA <-_iaul jJI ^3 Jll'nall ^4jLb^4JLlajl Jil J ^.jas jLu I LI 

X 1 £ (J-J uajll Aj ajl 4 sn'l c..l. ..JjJ aAA ja bjaL-J! LaS 4 jlJ (_£ jLaa 

(ja 4nxjiall LaLs 4j«jal (AAc-l | uas jyjjUl jyAA A^js.j jy .aSJ j .Y ) £ dljajllj 
^a (jjAl J jlc- jjJJ ^^cLtaul (jjljj (_Jasj .UjJj YYI^jjaIJLi 4jJalt L_luiljj 

(jl j_sS (j_lia ^iUaj ^3 jjAl J Jl Jj laAic Y \ £ dl jajjll j Y 1 £ (j^aL^a J 

. Jjl oAc ^aaaJI dljl js. jl (_Jaall 
jl_3 4j_jjll dlsa3 (JLls. ja £_iaaj| (jl ja. jl 4jjUI ja jjAl J jlc Ljj Ajc 

S 

oj_a3 A*J Y 1 £ - d ja jjll j Y 1 £ — (_)aaL-a J ja (_JS Jj (_Jall jUI ja ,JLlll 

4_Laala. j ^LduVI ja 4jc3j^)a dLjOjaa AajJ jlill 4aJLta dUia ^3 • ja jl! ja 





















-LajJ-aA j dlLil^ivll j C-ll's.jA-a.all 3-ajt jl jlxJI jpi a j^jS dlliaS j)J>£aj LaAic- 
£& j)jAl^)ll jlc- jlLlc- ‘^daki 41 ]Aj J U^iV^ ^?Jljua 3 Ajjal j^dl ^La^VI 

• (JJ jlxll jjLilc- AJaaj (_jjj 


jd j J> JaaJI gUjj Ja* |>» 4il*a» gal^» ^ ^Uy«iiSI JajsLh Jl 1 - o> JjaaJI 

( Mj$*o jS>** 


jj^aj-xlill Jj-*-a 

r.U AVI 

ill iqH 4 


^<C-Luj j Clj^i-LuJ 

Yr.o 

(WE-106 Oil Well) ja4! oiJ 

Y 

Y . 

(EW-106 Separator) jl jA. 

Y 

1 Y 

(EW-105 Oil Well) J4 ^ j 

r 

Y £ 

(WE-103 Oil Well) Jull j 

£ 

Y Y 

(WE-103 Separator) jl jA 

O 

i.o 

(EW-104 Separator) J^a jl ja 

i 

r.A 

(EW-101 Separator) jl ja 

V 

i 

(Water Line) eLuJI Jit .La 

A 

Y.n 

(Oil Line) -14JI Jit -4 a 


Y . 

(H.P.Manifold) 

Y . 

r 

(L.P. Manifold) ^-1x4* 

Y Y 

Y.Y 

(Test Line) jUaI -4a 

Y Y 

• .0 

(Manifold Area) ^*441 Aikia 

YY“ 


a I oaJI j (J_a. _jll j Aj] i^all t_luil j^)]| ^^3 Ajau-dall Ax j. a .all Al j^dl jj£jj (JjiIjS aj. 

®) (JjAaJI ^jJa jj i^Jlxll 1 ^_uiIj 5 (_gjJI j jdlxJI j)^s a jjj£ jjlaLla ^3t Ajjal j^dl 


. jjSljjll oAA j^a 




























itfl 

WdjS*) 

aUJI 

A Wl.a'1 

(j^/cJjij) 

juji 

frM*) 

e UJ JaiiM 

J—tA=^' 

0.001 - 
0.5 

0.0003 - 0.1 

- 

0.000001 

-0.01 

238 u 

0.1 

15000 

0.002 

- 

0.0001 - 
0.04 

226 Ra 

0.02 - 75 

0.05 -190 

0.005 - 0.02 

- 

210 Pb 

0.02 -1.5 

- 

0.002 - 0.08 

0 - 0.01 

210 Po 

0.001 - 
0.002 

0.0003 

0.001 

- 

0.0003 - 
0.002 

232 Th 

0.05 

2800 

0.3 -180 

- 

- 

228 Ra 

- 

- 

5 - 200000 

- 

222 Rn 


A^uil oLdl$ wmI^I j lit*.hi) J$ll (X -0) j£JAll 

(_jLa ljLia.1 ^..ad I^J i A». nJ-all fjk aJtdt) (JjjSJ Ia^^jSjJ (jl Jaa^Lj j 

J .(TENORM) Ea.I a^jSjj (_£^)a. ( ^j]| AjxnJall Ajuiuiuill a-^A 

j&\ ^ ( 224 Ra t 228 Ra r 26 Ra) ^1 J j^Ud J Jja^J li* ^ 

dll_jlai ^1 L_Jxulj^>ll a^A Axj 1-igJ j .AjL.aH L_lxulj^)]| !_jk Ax^ala. j 1 jjSjj 

^Ic- A jxjjJaN Aa-Luill jlj-all dxjj . ^C-lauaiVI Clilj A. JaS’ill Ac-1 u-aN 

Jll j-all L-lxujj jLpjl (jh (JjiH (jfLaJ aAc-laS Si j i ^jj-dl IgJ (jiaj sEa!) Aj^£ 

(_£jj_l I^A j iiaidall £3^)1 alo^l (j-a ^lAaduil J}3l^)j A.j». nJall AxL-aN 

.aU-all (j-a ajxi£ f jy'* ^Luj J] 


\-V 























; NORM AjuIaII jIj-oII V 1 —o 

Jaij_1! Ac.lj_ ^ _3 a^l jlall NORM A ixj lJ-ill Aj«j1a]| Jll^ jaII ^l^jl ^aI 

IajJ _a. L" ISjI'i^I Ha __jN! sAa ^gJI AiL^aVljJ (3 — J^3 A^jJa ^ja jlillj 


jliJIj Jaioll ^lojl ^gk Aja,j|j->ll AjuaaII jI^aII | Y* (Jj-li. 


illi j.l=Jl 


AxjIaII 


qm Afla^ll .lie. (Jt^-vi 

. jIjVIj ^lu^l 

q _a All t-o dlLtui^p 

Ca, Sr, Ba 

ilAj^jJ jfUl j. djlaj^JiSJI j 

Ra 224 

Ra 228 , 

Ra 226 

lAfuijj 

Ra 

y> .13 (j ,aj J_iL<aill Sj^.1 

(jHI J —i ‘oA 3 ‘lU J 

• AIjSJ 

Ra 224 

Ra 228 , 

Ra 226 

J—=>-j 

Ra 

—Aj^I aj—gjJ ^gi Jj-aal 

. AjlL jll 

jQ~1 ... /'ll 

Pb 210 

CJ_U1JJ 

Pb 

. Ig.lVlj jlill j JaiiB a1aI*a 

SS 

1.1a. AiaSj tliluujj 

Pb 210 

^_it 

Pb 


s= 

1.1a. AajSj dilfuijj 

Po 210 

Po 

• Aliij jlill AIaIjia o j^^l 

j_ jc. A_Lui ililjlc. 

jlajaillia.liuiA 

Po 210 , 

Pb 210 , 

Ra 222 

ill jlill 

A m, 1 1 1-all 

a£1£a!I 

.^IujVI ej$aJ ^ 

ji\VI (jj^Llj glL. $Ia 

^LUj] AjIac- ^ jjjS 

•Liill 

Pb 216 , 

Ra 224 , 

Ra 228 , 

Ra 226 

*1_all 

0jU1I 






























^ida dllaJaia ja a jb£ al ja.1 ^3 (j^bll L. vujTi ^jll 3l jail dlbauji ja ja .1 ^ ji 
jjjaj Jj dlbaujolt L .' Uji 3j*j.abalt a3A (Jai c_nibl Ja jJa-s (Jadu Jillj jijl aba 
(Jai A-sjTi (j3bii'JI a jj£jj ja jjSI < _ S JJ jaull a-La J 3j^jall ^jit jjJI jj£jj 


. Jl jA jji Jaj-va J bjjfLJI jiaiiLl dlbijlfllt 

d]_!jj J_lliV! Allai ja (Jjjla jaj 3*J 4_aaj!iall (sCcilc) AlLaall 3l jail (Ja.l3lij 

J_Jaill dNjLaa 3a.jij .Aja-bNI Aalaitll J jJalaa Jj j3jj 33 j L_nabVI Ji-i 

a I_la ^oJa La j)Vla L_liuij!ill Aailall 3l jail jiaa.j Aibialj dlbaujoll ajAlla ja 

(Jit j uJt L_ Laiauaoall j jilll L.v'A Jil ,J Li. jdajail S j^Vl J ji jaJI 

lal. dlb ji jflllJ dlljdlll Cl)Ll£^>-a L_liuJ ja (Jib 3l jail a3A A.-yYiall iaiilt jbl J 
. 0 jlil! alall ja ^ jiaij ^bNI La jlaia (JLLa. jail LgiLs ^jj j]| jlUai 

a j_gj j ^L!_ill ?■ I_all <J La jjg.l-aj jalflall ja AajuLall dljjill AS ja. j3a jj 

jj_ Sj dlbaujlill jli ^li (JfLoUj ja.1 Jj jil jaj j^l Jj Lada ja jjxn ^biV! 

J 3 ^clil_ill aLall (jli ^bNI jai (JLLaj . jliJI ja Li jliia iaiill Li liaa ^3 a jbS 


(_g Ij (j3jJ (jilt J LS X ^ 3 ^ C ~ 2 ^bS ^.a.la (Jjlva 3 jlil ^>jujja jA j Aja Ja jj£t H^a i 

. (j jjill (Jj^aJI ^3 Luibll Lija-vall jj-atii jbji jJjai 

ibjj ^biYI Ljlil J 3ja.ja jji jjfb (NORM) (jli Jill ^biVI jai Jj 

J_ aAia (jjj (Pb”^^)(Jiall (_>aaL-aJlj _js"u«all (j-aL-aJI (Jliijlj .tdli 3*J 

dll_a Jaiall j (_L-a I Jli (ja -»Ja"'ia (JfLaU l^LlI jj jjj 4^.labl j Aadlill (JIa. I . a J lll^ 

j_jSj 3_a *jj V Li! J ja£a ja jl*ii dlliS ^tjlill a-Lall ^a jalajj (jli 

j_a A n»,a AaaS ir^J^ V j iaiil! j! jlill ^bij ja (NORM) jUaill jj*a 

. jlill ^bij jai (JLLa. jl bjla Aaiiiall (JLa.jL/lj dlbaujill 

(jji_ii A _ 1 A _N jLtll ja Jjll jj3l jli jli Juallb ^.a.jjlall jLtll (_Ja3 Aalai Jj 

.^biVI ja Aiixa a! ja.1 J JjL Pb _ '^J Po”^ jb jij!ii dllil .(JlLuill jlxl! La.j3 


I •«* 



A _jjuuUI AjtjuLall (jC- AajJaLall dil jUj.i'1 ojjjS <-l)La_j]*-a (■" \x.x,y 

Ra 226 1 Ra 228 >_£,js c^LjL-ll d^j.^Lla 1 * 1 . j 


Ra 224 j 


j— jSI /(JjSoj 0.1 (j-a (J 3 ' O^J djLujijallj <_gi 


(a — 0 ^oJaj^s ^C. I JjfLu ) o > * > 

A jjlLa (JIa.jVI ,_^3 Alois (jj£j ajJjl jll ^)jUail ^gC-LtiuiV 1 laLaa]l (jU ale- (JfLaUj 

^g_3 <J_ jIs a j_<jj_ Sj Pb“ <um*i11j (jjSjj .4aL_£all djLuujaJlj 

I ^gi ^c. j JjfLu 1000 tj-a (_gJI cJ^^j -is u^Sj djlfaijjl! 

(J IVllI ^cjl j_j-a V jjjjjll ^pUaj (jl j . dlLuu JJ 

. ^<ulLi Iajj 228 _ 

UdrfLya js <y4a>dl JaaJI j (NORM»£>i( i-0)J$a* 


CiLi _ tujjll 

4 i\ t ^\1 

Ijt - 41 

gT- 


4jt_IOUl]l 

0.001- 

0.5 

— 

0.000 0001-0.01 

u 238 

0.1- 

15000 

— 

0.0001-0.04 

Ra 226 

1.5 

0.02 

0.002-0.08 

0.01 - 0 

Po 210 

0.02-75 

0.005-0.02 


Pb 2I() 


5-200000 


Ra 222 

0.001 - 
0.002 

— 

0.000 03-0.002 

Th 232 

0.05- 

2800 

— 

— 

Ra 228 

_ 

_ 

_ 

Ra 224 






















Neales - iyAail 

1_g-oAl AjJoa Aastaala jaUaj jglc. jUlj 1-aVill Ac.lu.fa ^^3 Aal»-JI L_Uulj^}]l j"l~v") 

_dxa jV -la_a3 (jaa_1 <_Ual jjSI a3ga -laiall dlSjjj j . jaJll jll^ S-^'jJ 


2uklJ jljjaJI ^glc. ^.-aVVi j <-_baijJJ l^jL? (_Jj t AjxnJall AjdiiAll jl jaII jglc iS j" 1 ~ v .) 

^.xd I jgJ . dll jxJI i it j ^ lajL? I (J 3 xa j-faja A."i ( gj| (_£ j ja Iaa . dl jxJI j (-. .n.iljLU 

. d j.u j Ldl L-id jjSI ajA Jljlj .Saj/i il dl^jJI ajA 

jl dl_aajaS l_i_uija j_ a Ajx.j Jail AxJiaII jIjaIS 4jjUI Aal^^aSI L_luil jjll jjSaa 

.lie. jaJUl jl ^jadjjaJI jl ^jjjlill dljjjjSj dLyja£ £-0 ^jajl jll dljjjjS 

_SI Ajja^dl AdUl aliall ( xa A OaS’llI jA^LaSI ^3 Ijxni-a a j j^.jaSI aLdl JaHad 

_SI jj xj AaS-tdl (. .UjjI jjSI (jjS ( -. >Jm (jl .Aj33|ja 1I aLdl AaJlxA j)A jl jaaSI 

(JH_:k t^Ja_Jl j (JjfJJJI jjaji. jaj lax da II jl ajljdl A^.jj ^3 (dlitaJ^I 

<g3 4aL-JI l. Uiil j jll jj£a jcLd ^gJI JaI jxJI ^aI j)A .Jaiill ^1 j~s."uol dlaLoC. 

: t gA> AadaJI dljxdl 

jaa. (jc- aUI ,gi AjY'ixaSI dljjjVI jJja ajlaj; (JjVI (JaUI 

(jj Sj £ j il (_£j j)j£aS a JJX*-a dl.AJ;.J.I> jl Ajjad ^ jlaju j3Jj :^gjj| (JaIxSI 

jj a.j j)A jl 4 _Ujj^)JaSI jj^aLixll ja"uj.ia 1I jjl nil j)A Lot (_£jail ajA U j iajjlall 

i e 

.^Ljj'VI dljbtA ^j)-aj.jj (> _ s ic- dlj^LSI o3A jjjdilj A.jV’la.All ^_jiaJI ^3 (JSIj 
^ jjjjj^iJI J ^ jjjJI J ^ JJ^SUS An.’lx a SI dljjjLfl (^AaLdLol ^aLaj I c* >11.* SI (JaUI 

.dlj^jLlSI L_uSjJ ^3 ^IjJI :>3A (^jJc- 

j) a J 1L ^dj .aJ-JI l_ ,uol jjll jjjSiiJ ji/nll ^aLJ (jl j)^Aj oLlc-l (_JaI ^Jl jjl 

: JLLk 

ol_ jJI _a A _i^.jJI j AjSLJI dlj jjVI jJj^ 3 j3sJ AjjLaJ (JJLd al j^-j — 1 

AjSjaL1i3ja jail j AaSjJI djjUl jla^LH j^dj dLM ^-o ^(JjVI jAUI^Aaal jJI 

.dljjaLH Jt (JliLdlj jjLijj jj.Vdil jaaSI Ji-lj aLasUI 























jiajiJj .^jil jaII aAA ^glc. dlljj^l jAaLualal j ajjlJ! £ jull £Sl ja j3jj — Y 

bl_aac-t AjlSjIaII (-, Uul jjll Aia£ t-jlui^. jV Ixa jaLal*JI Aunt jA L_ia-a (jjaSAll jialll 

. A_ll_ual! (_l_ualjjll Aj^.j ^aAc. A3j ILlSA jjfLaV A3 Ja33 (Jjl^lll 0jtaj ^glc. 

jl_uallVl J <—1_uajlll jSI ja jSjj (Jja. (_giliJl JaLlI! jLaj aAc. (ilL) (-. 1 Uji Ajxlj 

^ SI (J JUjll aAA liAjLa jl j^>Aj ijLdJLM (JaIc. JIaALi llali I.^A j . jAxAlla 

l_j a-a AaL^al! L_iuil jjlt jj£i jliJI jiajiJ J • *-. >J -al jjJI Ajlaa. jc. Ailall. CLIAjua. 

^al_C- <_JfLoUj . ILiSA jlllll U-&J LS^ A^-l J jb (JaIj*^ jL-UC-LH jl*J AljJ j! 

A_IJJjLa ^al3 »lJ-aC.I jfLaJ j£1 j L_Jxulj^>]| oA^J A.jSjS-yll Aaaflllj jiallt l t U.u-all jA 

jl_3 (BaS0 4 ) ^a JJjlill Cilia Jj£ (-.lullJJ jjjSll jljll! Ai*3 .dliuijJI £-jil Ld 

jfj j .^Jaudl ^gJI A^jliaJI Aav]La]| allall ^gi ^LLaLM (Jjj-ya ALaAjL AlAjj IgilajA 
J jbjAll jl ‘*jl J=b! A^.jAj jbjbl jiJ Aa^lc. A^.jj V Aila (■" i in dLuit jAlt 

ojl j_^Jl A^.jA C U>a3'sil 111 Ail ^gi*_a I.AA j .^LlaV! (_£ ji-aa j jlajAll jl iJaidall 

(djuaS jjjLJI dllajjS (_£jd ^jill AiaJLall allal! ^3 ^LlaL/l (_$ jj-va jl J-axl-aH jl 

li_A jli_La ^_1c. lil_alC-l ^»jjjl_Jl dllajjS ja Alils jl ijjij£ dLaaS L_lulJJJ 

.^LlaL/l (_£ j"^A j J-a»,j->>ll j ajI^^JI A^.ji ^3 ^jl^ill Ja_>^J! J ‘(_>ialLiiVI 

^_3 j_J^VI JjYI sjl^aJI A^.^)3 ^gi ju.il! jl (■"ill) CjU jJI jA JJlS j^l J 

. jLVI (-. JLl ^gi ^aJJjUl Cilia JjS <-_luljj 

t_l uil JJJ A jjlLa jnill Alj»,i.^a C_luil jjl! JjS! ^ajlujllSJ! CiliaJj£ L_lulljj jfwl 

•fCljA lijisu jj^I a^Lall aiA <_luijj i*j il i^ jjjLJI Cilia jj£ 

A jjSlall AjjIaI! ^uallill Cilia jjS Cil jjL ja ^1 jjl Aj^lla ij^.j ^_gJj (illi J 

jajiuJISJI Ciliaja£ t j»juaaJI (CcIS 04 . 2 Ht 0 ) f-Lall Alalia ^jiuJISlI Ciliaj-il ^ j 

CaS0 4 . ) a—jjIaII <-J—uaj ^j u a lKI I cilia jj£ j t(CaS0 4 .H20) ^IaII Ajil^V! 

^g_lc- blaic.1 ^jiuJl£l! Cilia jjS jA iaas JaJj ^ ja L_iuijla La oJllc-j .^l/2HoO 















4jla ^alc. 4ja.jJ <Jjail In^-ai j . 4jilik-all 4a£a-aljj3jajail j 4, i^lfLbajjAjfrll <d JJ^' 

^jj_ujllSJI dl_jjjj£ jj£u jj^. t4,jdaqVu ajl ja. dlaajj ^gi ^jmj-yll jj£aJ 

4^.jj jLpjla AdLa^Ul djldjjSll l-uujj jjjj sjj- dla.jj ^gi AdLa^Ul 

(jjaiaaj_J jj t4_jjLolilll dll_jjjj£ll 4nxnlall JJC 4aDldVI liljLa l. 1 Ual 4ajl jaJI 

£.1_ijl -lax_dll -lajd ^gjj ^a jj.a \y\\ L_lxul jj jj£j jj*-} -ajl jaJI jlajjla IgnjUjlaajt 

.^liLaVI (_gjW.a j ajl jraJI dla.jj jjxjj iala-all (JjSjj 


. (C 3 .CO 3 ) jUjllill dljjJjS ,_gA jlxll J Jaiill 4£-lda ^3 I jLaijl CJjail j^}ll Jj£l 

I jA Ig. uajj (Jjjj ^dll _la j joall ?Jti\ 

.CO 2 jjJj^ll duaSI ^gjljj jlc. Aallildl — 1 
. dlj jj j£ll j dli jj jfLijll dlj jjI -ailaVi jl j j£j — y 
_11 4a3j-all AajLlajflll dljlcliall -4c. jja -lljj lax a jail jV laLa-all lax a jail — V 

. ^aJJjall£ll dljjJjS <-_lul JJ 

jji-a ala-all ^gi jjjjflll jlc. j dljjjj^ll j dljjJjfLijll dlj jjI (Jjllaaj jli I j^J j 

.^Jjjlt j-a ^jjll Id jjSaj jinII 


^ ^r 














gd^LJI JjflAJI 

u*l UaII w- M <Jijj 

Mil (NORM) Lfawb 
jUJI$ ttiJI 4*1*0 J> 



1-1 


dlAst-al! j)A AjejuLal! jjc. j Ajtjoudl C1 )Ijj]a]| AlljV aAjAC- jjj! jla AskjJ 

cjIa _ *-&]| (j _ « (J1 _ j (NORM) diL_ jajj All jj <—uja. jlxllj iaAill <c.Iua 

CliliL_ lu ^_]] ^1_iij Aac.ljuai'yI Ajliijll (jlajitl jl ^tiNI aAljj jlajil '0**Sflj 

CllLuajill bAA (_ja m. uaII ^UtAuVI jlaldA ^JJ AiLCaVla .Aac-latlNI Ajlajll 4_ajjliA 
Cl)ljJj-lS Al jaII aAA (_Jaj JJ^I Al-aj^k ^1 ^l"rC) AjE-btAuj jac- (_£ ji.1 jialiLA lAHjgA 

•«OOA^» j-^'j ‘c3 ^jfl ‘O^JJ-^' 


. jj_ laiaVu (jAali_ioil (_ij3 jA AjuoiaII Al jaII (_ja dll jjg.'Alll Cl)jlj <11 jj jdaiJj 

4jjl jaIIj (Ja*JI (JjLaj j 3jl Ig.'lA (JaI jC- aAC- A-UjiIAaII AiLjlall jlnAl L_aS jJJj 

£_drsluii ^jill dl jig.-vlll Aao3 j CliliUxll aAA (Jja a.lji.1 ^^Ic- AjlijoaII As IS II joj 

jl j Ajjlajll <iaLjJI (_Jj 3 j _ja j^ojAjj (Jjkk-Tvll AJI jVI AjIaC- l_ lU-an . l IjlVnll 

. (JIaC-VI aAA a.lji.j Ale- ^UtCuVI j_jA jaLaLtll Ajlijl <AkaLi. <d)la.lj^.j £_UJ 

<u$Jll 6>&*2I 4* ^$ldl *Jljl V - 1 

(jl_i2».l AjjU-aA (jjSi ^JjaII dit a*a!Ij b j^^il (jc- (^c-LtCiiVI dijllll All jj 

jl -laiill ^lajj (Ja*a £A jlolaVIJ dllua jail aAA Aji.j (JaIAo) IaAoC- Aj-aldj ajooS 

eA_A joSI . djLaji jail (ill) i_$ jin' ,_jill CIiIAjlaII (jAaaj*j jfLoa V IaAoc-j jliJI 

JajijCaAll cJa jlla (. sJVnll l-dlsHt t (jjA-JI <- IoaI j AalljtS j Ic- jaCu (jal jU! 

j — £lj (jlljiall jj£I (_^Aj (HPWJ) did c.Ia1L i. ‘ijh'fillj (Sand blast) 

.(1 — 1) (JjAsJI A.^>.jC-a ja (_jji.l (_3jia Ai. jJ j ajOJ^ aAljJAll dllajiAll Aja£ 

• a*jLoJI (jjUI ^a! 


















<JLj1 ^(_£jAjII (Jxuj.1l l^aS j_ 5 ^) 2 U AJI jVI (_jjjl^ia (J^jxulj JojouI ja 
Al jdl_ j A_j^Lall dll_jlj>iJI ja (J^^jll AJIjj dlaLaC j .c.La1l j AjjlaxufJI 

if 

dlA stall (J xaaj dLjli. ^3 ^.a\'i j dlAaaJI ja (Ja._j]| la xlii'<lj3 iljjAj Aadall 

j AjilfLa jjc j AjajxaJ AjjAjII Ajjj^Jall Aaj Ia^J j . Aj-ajxj 1 Axdi ja a. tail AjaLui 
^Jal_C ^_1c Ajtii^)-all AacladVI AilxAaj Adaiija Aallai dli Ig.'l^l 

.£■ JLuVI jl (JxuhS nlLLi^Ja jC ^JilAll d 3 UI (JLaii.1V AJIjVI 

(HPWJ> b&aL\ s\lU mftiill ■ V 

A,ax'd Aljal AjjLaJI A.Jx.^11 (-_ixutj^JI All jV £joiIj (Jjl-laj LS^" Aiij)Aa1l aAA ^AiduJ 

dl _ jlj>i. J f-1_ *11 jC Jaiill (Jx-a3 a j^i.1 (Jja t a _j\ l^ill dlAa-all (. IjlVnl .Ajajjia 

(- SJ-IVn dhlaC ^rliii .AuLaall t-boil j^JI j)a Alljiall x—lljliV 1 dLLui lilliS j tJaiill 

— 1 * (_jj_J ^jl jil ^^Jlc 1 *»»'Xh*> - i idj.Vdll aLall ^gJI Ajtxjiui Al^jal AjjliJI L- IxhI 

A_II jl Ai^jiall aAA jj-Jai ; j .Aj-ali. dlidaa (JlaaduL lJIAj Mpcl \ ° > 

Jislij Aj t Aa.xliia Al ja1 (_£ jliJI jLutll (JjLUajl a jjlai AJs ^Jl Aildal L. Ual j^)11 AJLtS 
Aa^)JI ^Sl jail ^^3 l^alAidul jfLaJj .Aalaj AJli. Aa.xxiall Al jail aLL j^Ac lg.Sn.3al 

ajL aLall JjSAjJ (Jjjia L_)jij| ^lAidoilj L-UjliVI <- *<0Vi ^il.( Oil shore) Aj^aullj 

A_jcjl (J_i.lA j^jJI (J_jx^a_j11 L_)_jjiV1 sA^J (jdaJj — l)(JSuai aja.x/i Adis (j-a 

(J Jlkil A asl^j-all jl lai.V1 (jda.j Ajj^iall aA^J .Ajj^ia ^aial^ji. ^lAiduL AJjjia 

1 ^-alAij xxil Aaja_x-aj a^)jj£ A^.Lxxui (^^Ac- d^jlill jlxxij'il AiLdl t^gjlajl Jaa.xAall 

b_gJ j .dj_Lall f.\ _<J1 AlAj jlxj'ViV A.,-yjl'i AaijliJI ^ jJ-axall (_jc d^jlill AJI jIV 

a.1_ a 11 ^-a_XHJ V J tjjVlc-VI A-a£i-a ^JlaJI AaadalL (Jlxja.ll AaJajl (jl (JxAaSJ 

A-alAidul AlaJ jl Llaj jl (Jj iAjjjll ^1 ^xij'i; jlj AJI jVI (jC- 0 jlillj d_jLa1l 

dli_xxi^)-a ^JC J^)-aJ jl jl Jjla-a ^»Uaj ^3 


MV 
























(NORM) Uttth <vh*il *i$Ai AJIjl &i\jia ( 


,-.l fa-vM 

JUjjlall 

AuSojILm dil-la-a ^J) V 4 ^ j ■■ Aijjla 

aAb tfLaJL lIiIJxaJI Jj-uC. jAuajj 

Sjf^Vi (> ji AJIJY AJLjIal! 

(iJUicVI 

j<# AjL^JI AJIJV £jIui Jiuu « 

j j£jJ .^jlluJl AjjUl dllAuJIj c-ujUVI 
4jLAui]| jaiill jLuujl JjlVll AjLj ^iVtH A.jbC- 
,jc. gjlill *Ull (ji ^3 

AjWall CjIxuijjJ) jjj-a ^Ad Ao1ax)I aAk 

AJLjL . Y 

<_i£ldL 
• * 

j-a Ajiua)l dilxuijDl AJl JV 4JLjia)l a JA a^Vu^i 
Ajjldl dilAudj j lAa. Jle i_ujUVI 
AjLujj jl!l AJljV 4jt*i l$JL AijjiaJl ai& JULaj j 
.^wbdl jbaJl jj£j JjISjj Aaiuall 

diliijidl AjjIV AjjAdl iaJiiil Aijjia ^±Huu 

AjA^JI qa lajULa ^lAkluib j^ AoLo)l 

*Ldb t jjfcSlt. r 
Jaiula da&4 

(HPWJ) 

la£*l\ ASj> - £ 

AJIJV AilA ji AjLj jj£S Ai AJLjia)l a AA 
.AJdbdl Aj^jldl dilujaJl 

a*t) - 0 

Ajiuaij diLuuijoJl AjIJV AjjLajA Jljja ^hVual 
<_ujlji j* (film) ASjSjII dilLJdl AJljl ji 

J^t 

*• *»v 

jj£j2 «c_iIjLuj» AjJajli dilAudl j^aj 

J UaSJl j ilj drnJ! ^ (NORM) Jlj- ^ 

fj j^\ dil jlxJl (jA ^ jAj a jjUaAdl AjuAujJ) 

.4 IvTrtll 

. V 

(melting) 

(±A jib t aj^nlt— A 














,4j-a (j-taH,~s."uaV 

(HPWJ) Ja*MU *111 iUljh - 1)J&4 



(Abrasive) ^*JI - f 

^ jia_uJI (_j-a 4uL_aall dlLijlall AjjlV L_lia^)]|j <-_sLaJI Ja/Iisll Ai^jla 

A Lj^iall (j dl A. i‘0».aa Ajajaili ^I.VvimAj tdljj Ijl-aC. lg_dl (J(jfLaJ t^g all 

(J al*JI i_ya^uj f.\ j^JI ^gZ CjILjUI jLauj^ cillLj Ig-at.^VuJ .VnijLf 3-axjjq\\ AilaJI 

llaj Igjl Lad ^^C-Ltjail (j^a^)*J J-aLaslI AjLuu ^j]L (_£-dl 





£*Ni£*JI <UU jb ~ i 

* 

jLx-a <-_liLa (Jliol Jj <L lj-\ .^LuVI l—Ujbl <fLuu (- Jan J AiLjall aLA ^.~lVua 


CS—1) J--J (jl jj^llj IjLU j (jja La.1 (j-a VllViall £j-uj!i (_jLaJtl .’iL.-a 

(J L.Il 3aLi3 1 a-lia. -LLjall aLA j -AJallxll (-. Ual jJI (Jjjj l_isjall 

I jj A _jx._n.laH Ajt _oLall jl^j-alLl djJ-a jliC. .llJJ IgJjLuj-a j)-aj -^Jlc- *S-L^Li i—l_jjifl 


^^3 (jljj-ilL (-111Vigil £jji j-a ^."iVu-il I jj Lai .4ila- AlLjaJ vLaatll aLA 
■Aic- j <3l-Laj a-lia. <iL Ja Jxj l^jls. (JfLaU (J-J -il J-all CLJ-all ^)L-JeJI (jli L_lla_j 

aL_Ja. Aija ^)_uxj 3 4jJ-all jl j-all J-auil JLal (jLlcJI ^'±-a ^»Uai (j-aaLa IJI^jJ 

. L, .UlliSll 

JjAU gall iMjkM l tljhiill -0 

VJIjl U _ 3 A _11x3 A _SjJa ^^Aj.lJaj jl tila. (jjfLl -33 <JI 3 JI (j-a-allj (- JaYill 

(J J3 Aijall aLA ^.' 1 W La a-ilc. j .Aallxll AjtLLoll jl j-alLi 4 j J-all VlLaJj-aJI 

J_Luil ( x_Lai V-aLi. Cl)la_ioi^)-a JjJall aLA ^3 ^Vu-n . IjjJb Clll^lg.Vll (- JaYi 

jl^j-oll_ J A _jjLJI CA _six-all jji JIa^I (jiajS V J t<Jal - s.-all (JLaLM Jl V) Jill 

^ _3 AjtLLoll jl j-all (j-a a^jaJ V)lj-a£ Jl J aLc- (jLajLal jLaJI Li.1 ‘ _ 'yj j .Axa-Loll 

Jc. ^IxLLVI Ia Jaa. j)-a (Jjlsill ^L.1 J Vl3j (jjj VlLi_uj^)-all jjxjj l Janll jl^a. 

. jj-alxll 

AjtLLall 3l j-all (j-a 4_ui_j-oLa _jj£l jj (_p _jVi AxjuLa VlLllij aLA (- gjJanll (JLoC-l ^jc. ^aL 

j Vaal ui ^3 jI JaJ Ig.V ( Jl^ill (j-alVill jl l.g.lsi (jl (-_ yyi I^J j t4.jx ijJall 

.VtLLoll j| _j-all j)-a (_j--alVllj V-alV ^)jjlx-a jj-a-La 

<y^UsM^JI Jl^lU <Uljl <uyja - *\ 

I Jj (Jj o-aJl jJ-aJ Lf Jill ^ Jaj-ull j)-a CilLu-ijll <11 jV <3JJail aLA ^■’ 1 W 

V jl (—a_iaii CjIl_ x-oll .CLlLx-all (illj u_kli J] Jjall jl AjSaiKj-all jJalL 


IV- 




























A _jjUuSJI Al j_<JI . djlill AjiCajSJI 4JI jVI (JjS -dklxu Ac.1 jS jl AjjjJoC. dLuA^j 

^1 j _ll (_j-a jl .fl.Vte.-a Al j^sj Ac-ljiillj jdaljrjl djlJI AJIjV CaA'v'ljai.aH 

j jl_ jVI J_:Ja j_a 1_giJI jV aA.Wx AdlxajS <jj| jla 4 auujj]| AfjliJI L_uJ jjII 

; ^A j . dl A*-all 

^(BaSO o |0^djLJI ^iUdjriS «Uljl-1 

aI j<JI ^Aidd AajLiajfJI AajjUIj jLdl dliiij-iS <-_iuj| jj All jj jAajiJ 

.(EDTA)djS ja - \ 
.(NTA) AjjLLJI dldoil j jlill jdaLi. - Y 
a__JaJI J .\W.^aW o'm> ^jSj . (Chelating Agents) AlS&l\ dLSjdl- V 

A _ii.j-all ^jjjl_Jl dl_ IjjI ^gJ] tilEj ajJjlJI dLujjS dl jjL ~jL.du 

L _1 _Sjdl £a dljjj'il 0 A Jaijjj j (SO 4 ) AulLJI dldj-iSJI dlljjl j (Ba ++ ) 

. I js"lj.a.a j LLda lAix-a (JfLdJ ^luftll 

jAi^jJjl_Jl dl_JJj-lS L_xuiljj aJI jiv d AVdd l cijAil <lUill J^L^dl L> j 

j a jail—uia j—JC. l_ 1 ujIjj jjSj (_£A]Ij .(NaCl) ^LLall ^jjA j j. ^1 1 AjjjIS (J jl-v x i 

jl ajl jdl J .L>«,j.>JI jjAA jl . jaduilll Ale. (JjA-all lAA (JLLdLfl 4-Jlai AlAjj 

A 1 jfLo t(_£ j 2 J aj-a ^ jjjUI dLujjS t_iuijj <_£Aji1 jl jS^jJ ^asJ-all (JjW-all 

d_3j ^ _lj ^1_jd l^jl Al\ jVI aAA jjLuia ja .4jjjtii]| t_lxuljjlLi ^.xu-aj La lillj 

IA_a. jAaiidall jAxall Jj cJIa Aj*J j . L_udjj]| aAA j-a AjalS Aju aS 4j| jILf jjja 

dl_jaS cJlgiud Igjl ^gluu ILAj. dLiSjall aA^j ^jjjLJI dllij-iS dljjL (JLLdLf 

ajJjUl dLLjjSl Adlall dl jjLJI 4iLUI j-a a 

MMlIjj «Jlj|-U 

l_j _lei ^laV i .JL) ddll jl jS-aJ ^Allj ajjoUaJI dLl^j-a jc. ajLlC. L_iuilJJ^I aAA 

j_SI j ^Jc.1 AalUijj ^jJjlill dtjjjS L_ Ual JJ aJI jV 4-aAadiuJI djS jA 

jj * 

1_<J j .<ijlSJI dl ASa.xill C uA~s.1j.jiI Ia] j-a*JI jldV jjjla d3j ^1 ^ll-y; jaVI 















(j_fLaJ Aali jjjLJI Calaj^jfLi AajlLa Aa jlaajSJI A_ra.lall jja Vj-ai. (J5I ^j mj-%11 (jlS 

a A_& ^j3j .^jjauaJI CaV^.ad AaalaajS dl\_l£^)a Ajaaul^j _^i.l (JfLa ^Jj aJj^jbvj 

(ja Ic. AajfLa jjAjg.ll (jAaalaaa (Jdli ^LLal ^^auaaJI (JjjVl } dlaS^all 

4_JI jL dll_ a£^)a]| aA_& ^aLoU j . ^)Ldl ^jLi. ^Jl dl-vdalla Aaaaja jjfLaJ 

.^ajajaJlSJI dLujjfa] Aiialja (jjSj Us baIc. ^^all j . Ljoj'l ^jauJlSJI dla_jjj£ t_iuil jj 


<uiji - g 

ulSall 4_11 jl ^lAidal iaiill jlal ja jjjS AaaAaij (jAaai ^^Ic. ialiaaJI A, ilac. Aaa 


dJIjl ( _y aj aj A.; Via, a _Jp- j AajAaas (_jaal^i. (JLaaauila (_]a^_jll jl AjtLiiall AaLaall 

Aa^jj ;LUa £a .aJI jLU Aa^tall dl^l^^LM jjSI ja _J (jillj dla_jj^)£ 

jl jAi. (J£la ^1 LIIa Ajaaj ‘AjLt3 jjc- Ajjj^)lall bAA l^a3 jj£a ^^all d^LJI (_yvt.\ 

A_II jV AaaA'v'ljaiall (jdal^aJI ^aI ja.^aa^j^a JJC. L-i _jLala (jdaiJI (■_ l^au |j)j _jLtll 

(_>Aaalj_^Jl j_jSI j_&j iLL^jISj^Aj^JI (_jdalax ^A ^jJjalLHI Calj_jJj£ <-_iuil 

0 jja jl lilajlill (jd-alaa^ Aajda. II (jdal _j^JI (jdaa L-dl ^»AiduU c*1]a£ . Lai AVual 

: Ig.aAl aAc. (JaljC. ^Jc. (jAaalavJI jlaa^.1 AaJaa j . (jAaalaAc. ja 

. <-_Auil jjll J_>?■ J jLLa 
.Aaa^Jl dHafLLjall j jlill (J^Ia ajI^aJI 
. ^jaiall£]| Calj_jj^)£ aJI jV (Jjjall Aallai 
. dlAaaill (JSlall AalaC. ja jfial La (JjIsMI 

jy j A jjIaajS dLlc-1 9al A.-s.jVi a] jjj ^^all aauijal! eAlc-J AaLac. LajAaa. Jalaj 

(JLaC-l (JUd AaS^jaJI CaHa^jaoll j-all (_ 5 ^>^-VI Al j-a]| j A, < slg,~~Uj.iall (jAa-al^aJI 

. Aaljx-^all 
:AAj_)Jakll eAA l£ j Luia 
.ejjaS Aa^jLa <_JjI^ a (j_jSj — I 


wr 












. ^jAa-al jaJLi <_JjAj A3 dll Ax-all a AA dlj jfLa j_yvt.y jl — l_j 
j-a Ajlli-L-a jjl Aa.jJ Lade. Adlj-aj^ll All jjf! L_ljLal ^1A dual Ajjxj..^ — ^ 

. jfd jdll tXa^»J L_Ual j^>ll 

: _>A*alU £$UI SJIjl - V 

jAx-all (_Jaaa3 (_£Ajj Ajxj )Jall Axdall Alj-all j^le AjjlaJI A. nAx-all Al j-all jg,k--a (jl 
. jg,.i.->'l.aH jAx-all (> _ s ie. jqJaj (_£a!I dnaJI jj£jaa ^jillj AaLaall Axaa-all jjliaill (je 
All jV! aAA dl jJts.II j»aI . Jg.j---all daaad £31 j-a ^3 Aijiall bAA jjilaJj 
. A_ualia (Ja-aaj dl Ax-a ^»l Adualj I jaj jl I jj jj jAoll £3j-a dl Ax-all (J&j — 1 

^J| Aajl^aJI jl Ajs/iK j-q\I dlol-axll AjaaaljJ ejaxa-a $.1 jal dl Ax-all £jJaii — Y 

. jg.x-->ll ALU c .1 jal 
. j^aaall jlj3l < _ s -ll Axslj jl (Jsli ^»l ja aJtuiIjJ Ig.lVi — V 
.j^iUall l" li-s.ll AjSdlSj-a All jj — £ 

. (_jjd-lA-all j-a £jlaJI jLlxll £-a>j aAlej - ® 

: (kSaml blasting) Mill - A 

a_ij_ijl ^1 AalaaLi JaeLd aAljJ (_£a!I (Jle J-axd did a.lj^JLi £jj-a-all (_}-ajll Aaajjj 
All jl ^3 l^dlafLi AijJall aAA ja-aJJ. a J)xj---a A.dl°l j-a a jAj (J-ajll jjSAaJ lI^A 3 
AijJall aAA (_£ jlaa-a j-a. L-UjljVI J AdAx-all dlAx-allj AjL-auLall Aula-all AjjLall aALall 
(jllje (JfLd dlujLall jlaaTil tdlLSJ (J-ajll £-a Ajalua-a a jju£ Aula-a dlujLa a!jJ 
dj^Aj «.IajjI julalxll ^^le la.) iAIIa! .j^jja-lAll djlull ^1 julalxll (jAajxjj a.lj^JI 
(Jjla. j-a (jaS'l'llI £juj A.x-a-sLl A^.jll ^.Jax i dLaLaSj I Ala. 4,a^sa Aa-ala. 

.Aj-alaJI (jaiiolt 















*yL*£il ^ija r— n 

•jUJIi UJI 


4_jJai^la AjjIa-aaS dlaS^a ^.^Viion Aj*dl '- r AxuljJI (jjj (JaS^aj J-aS 

j . Adlj AallxajS dll .Vte„a Ajidl <__luiljJI dJJj jl J-a‘i 


..iVld 


Al j all ^Jbl (_j-o . A. J-all c_ixul j^jll dlj^fLa jjl J j_j-o ^)j£l JySI Ju Al_JI aA& aAlc 

(150)^-11 ddjA JaxdlLl Jillj dljldj]l ^I.^VhjiVI AjuLalSI 

^ SJ J- ddjA jJ JaxdiJ Jill dVI j$^i\ dlj_jjj£ Add jtAajdu A^.jJ 

^g SI JajSLi a.\l >11 aI_JI (j-a Axj jll j didJll Jd j . Ajjlau A^.jj200 Jl 

A_(100) (j_* _jAl aj^i. A^.j.3 J Aj.W.a Ig.SnJ-ai (Jl j iAilal J lg."isK 

(jj_ Sj Jaj_ini AjjdaJll Al j-aSI jSj JJtd Jill Jb (j-aa^jlll dljldJ jl .Aajad 

ajl^jdl A^,jJ Je L . uJ j Jl jjj Ja id jli'j-vl di*j. Jal Addl <-_i>l Jl a_iuil jJI 

J_J^l _3 A_u£j j JLall «.Lall A_dj^n*. A^.J j jjlill jLa Ja3 ^duj Jill 

A_dj-ai. A_> J _Sc. jjall jLa Jae did Ad*j JIa Jj Aildl j . Ajadl 

A_ dj-aaJI dlj Jal_ joijVI _3 jj _Sail jLa ja£j ad j L. l>j jl t(PH) -dajl 

. Ajdddll 

jl£U Aailaadll Alkali jdl aAjAe jal Ja (JJ~s.ll L_ual jJI jjba (Jalaaj lannl 

f 

: l^.dl 

.aA^Ij Ajl 3A AdaaJI AalaS'ill Aa> Jjj>ll ddidnll J3 Aaalaadll dllaadll jd. . 1 

A *alad dl st3A Jc. Jail AA J (_S^.IA Jl AallaaJSI dllajdSS ^adu-all (jdll . Y 

Jj Add JaJd. Aaj jl ^lliVI Jai. (jdll l" n-^j lilSj ^lajVI c-lail 

• J) J^dS-A A.lajdSI aALaSI jd j JiSI A.dl3 (_Jdl 

_jl dJ A <u*J j .Aj^LdisVI J A. 1 13*1 SI IJjUa-a j l.g.dda Jl JaSI aAA j_j-a (JSl 

. (JdJI ^gi A.jVs'lSI j Aj ^LdisV I Jal jjtSI Jc- A_ualLaSI Ai Jail 























L_) u)lj^)llj _auJ La 1 j a^yjS AajIja jlll dl.3-ajail (JIaxumI (JSlda Lai 

dlljj'JI jyj <L-aaLvJI j aJaLuaII djlc-liall A.>jn LolIj jill.dlala-all jj£jj AyAlfill 
oA _ya>. _j-a]l (Bcl ++ ) ^jJjLJI j (Ca ++ ) ^jyj.allfHI J (Mg ++ ) Jyjia-all j)A j£J Aya>. ^-all 
A_uaj!Lall dlj^yall aAA t-JLal3 . dU-a maII ^^3 oA ^^.jaII dij jjV IJ A^aJLall sLiaII ^^3 
jj_SL £_1 a u _3 AajIja jll aI_ja!I (Jaxj Lf cJIaj j . Ajdl AuLaoH <-_IujI jjl cJ^jLa 

. AjAlfJI (-_ixul jl jjLy AysLdl (JSLda (■_ 1,1 jaI (Jj Ja33 L_bailj jl 

jLUl dL*hh» QI^AhU 

jliJI A_jl*A dl jl^d Ayayjall A.xLiaII aI^jaILj djail C i.Wj jl jfLaJ 

A jj^ya jj Ulc. Aii3j uUjla jjLjj (dia. . Aylafllll dlAa-all ^ (Jja3Tvj La£ 

£ 9ij^ya j^c.1* ill Jal d dlL Al ja jA dlajall i—kltlj (jl jfLaj j oAj-vaII jyatllj 

.jyLyaAll Al jaIL dlijall aAA (Jl jj jl jfLaj j .A^JIxaII dljjg.di j IjA^J (ja-aJj 

^j^lA_II (jlaj_dll Y \ » ^jjj jJjll J Y ) » (_yaaljAa jlL Al jaII oAA jial. jyafL j 

.(_yujALa (jAa^ytli ^jj (_^Ajj jill LalL AjduV AjC. Ij __yc. lgjlLf‘-la33 

Ajtdall Al jaII jya A_uj_ja!a jjl j (jAjtda dLllil aAA t- < JVnll (JLaC-l jc. 1 1 

j A-ayl lu j 11 jaJ Ig.'iA ^jl^jll (j-aldill jl Ig.lVi (_£^)2»y jl <-_lay Ia^J j t A.jx ijalt 

.Ajtdall a! _yall jya (^aidillj Aj^ald ^yybtA jAda 


jYO 


















sdUii jridUi 
dUIl gi&JI ^IjJa 

LcLmI <y*lll <ylall 


wv 



- V 

V jl 4 IaIxaII j jj all A iIaC. ^daivJ 0~Tia11 £.Ia 1I jA aJjJAll a jjl^ll 4aAflll 

A _jjlijll 4.1aLall Ig.x.d'i ^jill dLjj"uji.cill ^1 U.Y'uJ ala-<J! al}A ^ jlal 4 ,j1aC. 4jjjjla£ 

A Nili 0 'Tia11 a-Lall .3xj .4_uUl dljjJj£jj.~ljg.ll (Jja 4.x. Ji a 11 jjc. j jaII ( xa (J-alxall 

jl j_ £ajj t4.)la3~lll Ac-ldall jc. 4-a^.lill Ajt joiaII dLliill .Isl 4.jla3'ill jIjVI jiaJ 

j a aJ jjaII a JJJ^ll 4 .)a^ 1I .4.jxjjlall Axjouill J jaII jA Ijua'i 4jtii ja jj£l jj (_£jaj 

aliall allA ^jlal 4,)1 aC. 4jLijla£ V jl 41 aIxa1Ij jjaJI 4 _i1aC. ^1 ( xdadj ^dlall «.Ia11 

4jia_ kiill JJC- J jaII jXa (JaIxuII 4jjIsj1I 4.J-al j.jj! 1 IgAxdaj ^jill dlLjj'ua-all (_jJl Ijlduil 

.4_uUI dLjjJjl£jj.ljgJI <Jja 

&J1 1 $111 gddftiJI t - V 

;^A jlxllj -laiill 4c-Iua jC. 4dilill 4 jj1a 11 aljAll j)A (j^al~s ill jjla aAl jA 

jUiSI ftftl ^ $111 gift OJUI - 1 

ajl C-l ^A jjjl jlall a4A ^Al jj£j .A3 j t ~a.Aj.Ac. jjjl jla ^t.ViaH £.Ia 1I j)A (j^alaaU 

jl jVI j3j j 4jjjjlall a.AA jl n~sl JUuxj .4,3)ax, 11 jlgVl (_£.AjJ ^^3 aljAll jAa. 

. j3~s.ll 4 ajjjL1a11 

j_ a (_JJ_a.VI 4j_ dlill jljVI .AaJ ^^3 jl 4 aa a.lak, (jill jjjll J! £.Ia 1I jiia. a-Alcl 

jjsallj 4 aajU 1 jlxll jl 4alaaill ^LjjVl dldls Alla. ^3 4j jjL&II 4.)1ax, 11 dll jla~s.ll 

a.1_Jl jl d_ja. 4aC.lxjoiyi jlaldall ^^3 4ildaj ^Jl Vj 4.1ajj.ai Ajjjjlall aAA. 

. Ig.'lA Uu ^jill dlj j<sa 11 Jal jl jjSjjll (juili 4 jxj g .ViAll 

aUft^lli jUJI Jj $111 SjJa - Y 

jl jlaall ^1 0 ~Via 11 a-Lall ^ jlaj (JaJjjJI jA 4_ujSll 4.jla3~ill lIiLoua ^slaxA 

CllVl_^11 (J^a_*J ^J1 4jjJ jA L sti-s’i ^ jlall CllliUaJA jl j . dlllajs.AH 















a^jdla-o a-Lall daljllai-a (_^l .AvjaV 

.A 1 j.21 lilla (_Jj3 jj-a Ax-^jdaj-all Jj.lvll (_j-a _ja£l LtdVI -laLuiall (jlS I j| 

aJ Alat-a (Ja-a Aa^vull dllaalflll IqSvl Aalj-lll dal-}AIx-all j^JI £-JaAa ala-all adk ^^)laj 

1992 ^»lc. ^^JaallaV I (_ 3 ^jjj (JLadJ Aa^vall dalaalflll IgA aJlAlai-aj 1972 ^»lc. (jJlal 

.(OSPAR o^U«) 

: dUll 4alUb» -X 

aj_A ^l.lAi_aul ^ tdalvdj-all j] L-ia-aijalla ^jajl^jll ^)jUaj (Jilaal a-Lall Avllit-a ^aa 

-ala-all tdL dlla_jLail ^C-latdVI -laldiall (_^-jla3 A? j' _J jll ^3 ala-all 

(Discharge into seepage Hifl* nil tiiljM^JI Jl gj-kll - * 

ponds) 

dllj aa^J u !l ^CJ j-all «.! all _Lu Aaja^all AllaS ill £fllj-all (_j-a __)aa£ ^ux3 

Aajall (> _ s lc. Ajtdi-all jl_j-all cj-aijaaj jv ill ^ill ^ I — V^ (JfLoi ^LEgOOnS^Aaclai-a 
-AaS^aJI ala-all ( ^JI da^lall (Jj-qj .ASj Axd-all jl^-alla Aajall dla^jlls ^11 i_$Aj j I^A j . 

l_)j _uij £._laa Aj^uud^la AjUaaa dll jaaoall (jlafi AaSjaJI ala-all j Aajall da jla £a-alj 

j Aaflaa_kAlall AiUaall ^.ud (jfLaa JjAnll -iaa j i 4a3_jaJI ala-all j Aajall ^1 ala-all 

. l.g.'l-a (j-qlAall Aad-all 3l_j-all (j_^A-a ^11 l^JLajI 

a I a-all j A ivlqj»all ala-all ^Ic. ^c-ladVI jaalall ^1c Aaa^lall a^A J _ja2 (_£-Xa Axaata 

^Ic. ^)ialA-all allA JUuaa . Aaalaall Aaaall j^^Jc. AxduaJI jI j-all ^.a\"i ^)lalA-a j AaS^jaJI 

:Aallall J-al jaJI 

.Aadi-all dalja^all ^C-lxa-oVI JaLaialjr I 
. L_luijdall j^j^-latd’VI daldiall Am’ru 
.Aa3_jaJI ala-all jl A)Axil Aivlqj.aH ala-all a sisA'ill AvjJ - ^ 

.galall ^-s.vll~J 


m 













(concentrate and contain) *1 1j j—jSjill aLjLS AjLjJall s aa jii*a 

4.CaLbujJ ^1 (Jj-sai Aal-Aal! AjLauall CalAjjjll (jl C ij-v Ajtaial! Calalaill Aialstal 
jj_ a^\ A^.1 L' .i-uj Aijlall aAA ^I.^VuJ Aic-j .Aajial! Aajoll £a (j^aa ^all j 


. jLuC-VI jlail Aallall 


.Aac.lu.r-aIt Calja^all L-baliall £3 jail jln-ul - 1 
. (JjJalaal! aAA (Jji.A]l £aal ajlaajal! - X 
Caj_ Ij (j_C ^cal_illj (Jajla Aa! ^^Ic. Aaoallj jjLuijaU Aac-lajuV! jlal-uall ^>ja».‘r~V* 


.AaSjaJI alaallj Aa^Jajall alaall tAajall 

jJ ^Uaj 

Aj« kiiall aIj all (j a (jaaliall (jaajiJ Calja^all £3jal eAlc.V!j <- <JVnll nVr~ ° 

( X - V) .(Remediation)^^! i> oAliiaVIj 


.£3jalla Aa-aLi. du/laua ^aSj aAjaJt Aj£ 




. Ajulia AaL-a CalaliiS AaL-al! Aataiiall Aljal! r-jJa - 1 










(Remediation)gfljl mUI ( f - V) 



U4I a>?Mhll 4**U 4l$ll ^ gaiiiil r - V 

^£■1*_ ui^\ JaLaoll (_j-a £_uj! j (_£d j^lc- J*Wl (JLi.jVI J .Ajlux-JI AaujjJxJI jl jaII 

4_q\"lA..a dloafLi j| jxJI aJlA (jj£j . lg.3u.jVi jxiC. ^2 L 'ifo-si ^aJI j Aj*_nUI 

jJjJVll dlulaC. ^Jl*JI UU. j . jliJI j Jaiill dLudJ Alljadnll a jjlill (J^ilV. 

. J-aVllI Ac.1'i j.^- 3 (_jC. Axui.UI AjjuuUI A*d&ll jxJI (_j-o ^j^aliolLi AuxaldJI d_il.ojJ-a nil 

s* 

4_Jj.JI AJISjll jjc. aj^L-a LiuJlc. Aiddll j| jxJ! (jus (^yj-sill oAj^C- dLajlxu Jta.jj 

dl j’uull ( ^3 dLaiaiuJI aJlA duajAl -}3j aJj-J! d*Jl^jll (j-a Ia jjC- j 4jjjJI AsUall 
(■"i.vic .j Jaiill Ac. Ida (jc. AdUl Aj*_nla]| A*da]| jljxJI jdjxu ajadJI Aj.uxi-s.II 

(Jj _a. dl jjJ j dl^)dj_ a a .Ac Ajjill Asllall aJj.JI AJISjJI ^jiadj cLUj (JaJ (jxi 

I j-oluua JaLoull I AA (Jl jV j juAa jxJI 

dlu3 dX Ac-ldall aAA (jc A-asUI Aja.j iJall A*juuJI Alj-all dLilij ^UuV (jfLaJ 
























(J1_a.jLM J 4C_J Afl -uiLadll jdC- a^)aJl A. i».j iJ-all Ajtda]! jjlj-all — ) 

.AdjLall 4jjall 
.Ad_jLall L_dddldVI — Y 

. lAjdC- j dlLal.al.-aIIj dljl^aJlj (Jx.-asll a_^a.l (JLa Ad^jlaJl dl^jjg.-y'lll — V 
(JfLd (JjJ oAC- ^ja IdLaC. AS l)-a.a .J j^Jl a4A ^ja (j-alajl] *^ C ' 

(jia _*j 1_iA ^)Sdjoi j Ad^)a_dl l" il nlflll ^^ic. -lals-vll Ad]j.JI dl.3A la-all ^1 ^dajj 

(jiial_ j]I ^ja Ai^*JI (_Ja3 ^ja Aa.jaLall j tdlaliall aiA (_j^i (jj^Lall (j^al~s.~~ill Jjal^jLa 

. ^JlaJI <^3 (Jl’s.-all I La ^gk (jdlalaJI 
a^A ^a! i^ja 

jU^il oU» J\ g^aJlO 

jUall aUa Jj AaLJI (NORM) Adaaala]| Ajtdall jl ^oll ^^laa (_] jJlll ^jdaa 
^_gjj Aijd^lall aiA (jfllj •AiJI Adalijll dUaLall (jLI ^Jc. (Jjj..-a^.\l .iaj 

(j_a dl_jdj a^C- (_$Xa j^lc. Ad^jdll (JIja.j il-a Aadall AdL-all jl jaII ^S\ jd 

. jLuC-LH __)ladJ Adltall cJJ jaJI La.1 L_iadj .^^)lall 
.Adddll j jldVI ajdj^all jl^daVI ^nVi Jl ^tdaj - 1 

dUal_Lull jj>a».ll AaC-ladVI AdlSjH ^-^Lj^jJ £jdjj ^,'lg„all ^^>aj ->jjVr~ Y 

. Aadall jlj^all jlLml (Jdliijj (_>aa^)aj]| ^^ic. a^jladjaill (jia^)aJ 

dl_jliill dl _jaS 4i^)a-a] dl)l.->j.a jj aJ_jaJI JaSjol JSaa. 0dilj^)j ^ll-vr - T 

. lg.\A.ld j Aadall 

«uujJa$ >*JI ^ v>^il( r 

(j_C. 4_adldllj 1_ja.ji.l-a Aadall AjL--aH JiIjaII (_j^s (j.-al-s."lll Aijd^jlall alA C uQ-s.dj.dl 

j (J1_a.jVl (j ^.. .L d aa. Aa^>all (JjSvll j^uj/sa gala. ^3 Aalaiall die-1u^-all 

Asa^jiaa jl t^.)-as'ill !^3 Aaaaala Aada AajlaJI A iL^-all (--lull_j^l 


^rr 




















A _jSjaJI al_j-all jJ)L_*aa (jc. li^nl^-a j Liaj]jja. (Jjl*^- 0 ja. ^ JJ'Y'fr" 

A _i_ala. dlj_jg.di _3 lLuajoiV I jl (jjJ-allj 3 j-aJI a JlA Jal's."i . L_)^)juil] ‘La.’I's.'ujj.aH 

* 

_<JI qa a^y ijS <ia£ £-a ^a-Lall ^ 4.1a.~l.al' jjc.^ 4 jljouiJI dljlaiJI i-lalaJlj 

.^Jaail! (j-afLall ^k l*-a i3^)ajja 

; jLuc.^1 jiaij Ajltill Jaliill dJ <-. l.>jj 
A _aa.j]jja.ll dll_jjfLall .\1 xjU (_£Aa 1I ^^Ic- 4jj! ^j Auai jl nal — I 

. cdlil ^j3UI Jj^ulJIj _jli]lj Ajaoa-aJt 

.CLuajoiVIj 3 j^l allA <- 3 } 1».1 <a.laj| — (-_) 

.Alnllj (jldVI ^jlc- jl^dVl f tJjVi — ^ 


II j*t£ jU^I J> gjiaJl. r 

s* a > > 

Ajt _kLall 3j _all (j _a (j-alaull I.Yiaa IjlfLa a jWTujjI j^ya^k (■" UjiYual -i*J 

JS_Lll dddall ^bdu^l (ja AjIs jll 4ujla^)ll ^JaLal! Ajjal ja dj tdli j iA.)x.\ jJ-all 

A_J__j^all A _jxjjJ-all AjLjoiaJI 3 jail Jala. a jj-s.g,x\l jLVI ^ ^jJall ^jad"l y ^,~m.all 

. jlJI JaJj (plugs) (JJjIda jjj jj£jj dlla^VLl 


aj_A (jl_ j duA^>Jj Ig.'ic. <ajlill dc-ladi^H ^^>al] ^jjVi ^Jl djjlall allA (■"m.jJ-d 

td]j_£ j Aj^aJI JjiaJI ^ja AaL^all dliuijall ^ jlal ^ldiall AjLjJaJI Ai^jlaJI 

Ajdall JJC. 3 jail (J^C- Ajjjjlall ajlA jjaTl AjjlaJI (Jla.jVI 

^^^A jliic-VI jlab lAdl t.. ),>j j^^all Jaliill ^aI (ja. LiC-ldul (_)ajj V 
A.Jaj-vxill jij-yll dLijS-all AijjJa dl jual Ajjl^Sdl (j-adx) jladall — I 

Ak _ad j_aC. Y Y 1-jl ^>11 Ajtdal! ^jjOajl] i- Y-ra'i ^ac. (J_jlal (_)jjLaul J 

.(n.. 

d_S£ll j)\ _iic-VI J_lajj jdVIj duajoiVlj lg.~~lJ-ala.jj dUjjlaJI ^ 3 " ®dd) J “‘ a — S - 1 

.yj3 d^LaJI 





















A _Ljla oj_ail A _lullj (jUauVI ^^Iv-all d.Wll AjC-LljoiVI flat's..all ^Jii — dl 

.AaSjaJl sIjaII dl jIj (jc. ^dlill j 

(jdj_*J AlC-lx_uiVI Allijll 0^sli^)l £_dajj (jd^xall ^1 A^.LaJl — dl 

. jj^-aaJI ^Jl dlliijLall jLauil (Jaliii J (jdjaall LS^" 

.Aldl-lll Axj.jj.all dlliliill dllilauui ^jja j oJjaJI i-a udl 04li^)i ^ ■ >»j — ^ 

: (surface disposal) t 

dll_lliill (j_a (j^aldjill (Jjj|^)IaH dd (shallow) AaxaxJI jjc. A)vJ-aj.jill ^^-dalj^l 

dll jll Ai^jiall aiA jjjiail dlLuil j.ill ^ja ^yj£ dujaJ dj A,jx.j iJ-all Axduill 

. J1 a.jVl j a ilji^all diLuajall (Remediation) J^Ula j aAij^YI a.w^ll 

AiJjlall aiA (Jx.-s.j (JLa.jVI ^ AxjouJl J4C- ^-alaxJl Jj^.j Ajii^)lall oAA [£jLoaa qa 

• ^ J Id 1 4 .1 ^ C~ J 'f~. 

I ^-?>J-aj.j.ill ^jiall dc- l^-aldduil (■_ ,vsl jll dll jJts.11 ^aI 

jail_ J (Jalii ^Jc. j£ja jlda-Vl liA j ^£Laa JjaC. (J^W t-ajojliall ^jjjaill jldi.1 — 1 

. ilj^ill siA (Jiil A-plidja'i I AsKll ^^Ic-j AiljJa ojail Igja jl jiLailj dlUijLall aiA 

A IIS jll dlLu^aja Uas.j ^Sj^ill jlliAl dc. Ig.SjjJ-a’l (-. 1 -sl jll A4 joiIjjjV1 (J3 jxJI (jl 

: j^A Aj jill AalJall Aalj31 

odLaill (jaSlx-a aladla ^Sj^JI (jjSj.AjjaJIj Aadliall (JaljxJl — 

. Jjjj.aH £$1 ja j .ijdall (jc. Idxj £3 jadl (jjSj. dllildaJill Jlds.1 j alxall — 
dlLajlx-all ^4-s £3jll jlddV AjjaiLoiV 1 dllalialall (jas. (jaSl^all j J_jll — 

.Aall^l^ -Jdl^dll j dlLojLiill tdliSj (jj£l^Jl j Jj^^l Cf' ^.J^Jd^l' 

. IfraJ j-s.jj.al j Adix-all a j jail ^ij^ll JJjIj — 

.(jdjVI LDlx. "u al — 

.£• jljJlj (jjjLoallj dlldll jd ^j^ill jjjjV.dildll — 








Cala_jLall lW-u 11 4a^)aall jl 4aj-JI CaliL-aal j-all A^UjI j-a £3j-all l_) jj 

.£3j-all 4-aVI (_Jj^ia J)\J)£xui^\ — <-_) 

(J_J jla 4_aV 4_jaillj jlaajVI ( _ s lc. jlalA-all Aj.Wll AjC-btCiNI ^)ialA.all ^a£j — Cll 

-4a3_yaJI ala-all CajC- ^calill j 

:Um^j Vi g0)2l <^l£ 4a«tM Jl$ll >y (0 

(Aa _jLall 4ajill ‘ (_Ja._jll u _ 'ml J^)ll) ia^aJI 4a*ajiall Ajtja-all 4l_j-all j-a ( _jaalaval! jfiaJ 

^_11 (j_ll^jlall aAA (Ja-a ^ll-yfi jfal j .Aaalaj 4ajl] IgJ-alA. j i_ya ^I ( _ s lc. lAjaL 

j_aj Aaj^jla jl C ni>. . jlaajV I ^lj Axja-all 4l j-all <_Jlaaal jl-aA. jjASil 4jj-a*as CaLal _j4 

Acla_i-^all ^ 4.ag,all j^)iall j-a l^ala C i^j-o j Aa j4j jl (- sis-vill 4*a Ajtja-all 4l j-all 

liljfLall 4a la iVi 4jua-all 4aL-all 4lj-all j-a (j-alaall AjL^jIal oAA (J^aS jfllj .Ajiaaill 

.AasLuill Cala jjAj^JI J 4.\js"ill ^-aalaxll JA-yjn 

(Deep underground) gfl>2l jftlJ tiilAdall J> £jJaJj(1 

j_aaS (JS—ua l^a_aulj4 ^aj 43 (_^4ajVI ja 4.3 vaxll Calaalall ^^3 4jtja-all 4l_j-all ^^)la 

Ja_ujiiallj _stll ^cla.jaVI JaLliull Cali 4jcja-all Calaliill j-a (_j-aliall l^al.’l's.'ual j 

(NORM) IwaOa A*_ia-all Calaliill j-a (_j-al~sall .(_£j^jjll 4ji^jll ajj4 jC. Aaalill j 

l_ga-a .j^al'-Ci_II 4j-ala.j -Vl*3 j A* i 4jjj^)iall a4^a 4, )J-aS')H Calc-l u--all jc 4aalallj 

Cal_lai-all j-a laj jj J 4aa4's."uaa ^)jiJI j ASa-axll jcLt-all ^-a.la-a ^3 lA^)-aiaJ 


aJ-aVil 1 


i-VI <—l_au 4i^)iall a4A ^14-vaml 4ac.j (Jaill 4a4L-^aa3VI 4 .sK 1I (j-a (Jalaall ^_ya ^)itl 

;4allall Caljlaac-Vla 

.(_j^)i.VI ^Ij-alla Aa^jlLa ^-aiall ^51 _j-all a4A (Jaa jln-vl j (JjatCiu 4jalS I 
. jlitllj -laiill ^laij j3l^j-a 4. uu’i ^a)-all j3_J^> — (-_) 
-l^-ajjj l^Jt-a (_J-al*all j Calaliill 4j-al*-a — ^ 
.4jua-all 4l^j-all j-aVI Calallaa-a ^11 Ac.jaCaA j (Jiill Aal£ — 4 


^ro 






















:Recycling by melting jAtaiU l(V 

j_iixjj 4_Ix.jllall Axtliiall jl_jall (ja (j-ralVlll Aag.all (j^lall (ja 4jjj^)la]| a^A j'Vi 

j C_J_JjljVI ^_t-a (j_^aJ C.l, ji.. Aj^lall L_njLiVI j)C. d^lill All jV AiLjla lilljS 

Cluill ^3 ^j^l Aa.jPlLl ^Ijall allA ^£1 jja3 4.jx.j tla Axjlua jljal AjjLaJI dl jlg.-dll 

J _a. jj .4x_uLall j| jail (ja (j-aliull ^3 4j jj^iLa ^j (Jil) (j! (jfLaJ (_£Pll 

dll *■ J .Ajljola 31 jl jallj Aj^lall t—UjljVlj dl-Ptall Aulaxl Aa-Poa CliLuil jj 

s* s* 

t^-ubVI A1U ^ lla'lll l/ljla I jljT'i.1 ^j^all 4_ilaC. (jjSj (jl ^j CllLuil jPlI allA 
.AaAa^)ll 4.3-aLall Ig.jlc. jjsljJ laPjc. dlpaall j 4j_jlall 

Aj^jlall dlpaall jg.t-^-aj Aaj^)la]| ajA aJJ (JLajVI ^ _j^jJJ Ajx.jjJ-all Ax_taall dlajlall 

(_£jjJ PaPall £a Aj^lall jjc. dljbtall AsLaal (jl .ajaiS Aj_ jla jJC. (_£^>ij dljbta £a 

Axjaall jljail ^c-lx-tajM JaLoiill (jl C n-yj Aj^jlall l_)I jfLall dllpaal Pia. (- <jsVi ^1 
(Pb“ 10 t Po 210 (JA*°) ^Jmll J] Aa.jjlaall Axjuiall dljlxll (ji jl (_Ja._jll ^3 Ijx^nJa 

IgJ (jaa^)xjj j^ull Ac-^aJI (__ 5 ^ AjLjla]| aP^J AaC-lx-pyi _j3al.-s.all ^Al (ja .Alois (jj£j 
(jl j3l -t-s-s £a ajjx t.-» al^a.1 Jj <-jl j^tall <dlPx-a ^.jJ-aS'l aLul (jjlalxll 

a j jiVI dl j'uall aPj.laj ^aJ P3 Axtliiall Pljallj dljlall L-jl^fLall _jJjPu aPlc-j (jj 

IgJ jg.x--all dlLoU-aj p| jail aPA (jl dna, . (--jl j^tall a jl-s'Vl Jjlxjj tdlij 

d)^jlall L_ll j^jjJI (_ya3 j (_>ia^)xJ 4jjxi-yxill a_^2a.VI ^alpidjjlj LiC-lxail Ig.VaaA ^aJJ 

yaiaatl$ <yJ*all ^«?nhll Ull t - V 

L_l jjIjVIS 4 jx_ulall AxjouiII Jll_j-a3l l^aS jSjju aAj^C- aj>^.l 3-aVill (Jj^ Pi .jj 

j|j_all jyj_(^■•°>l ^JjJ^>da . Ia_jjc. j dlidj-all j Clllidaallj 

(_^l jl ijl (J j3 Aj^L all a j^i-VIJ L_UjljVIJ (J^-a ^NORM) IjxjlJ-a Ax.taxII 4.ilt^-all 

Alai_ujll jj_a j)Jj_iAll ^il_jx (j^ai-jJ j dUj_jiall a^A (ja (j-aliall (jaa^)xJ al^atl 






























A_la .all jl ^LijYI aUjiu-a j<s dlljjg.-y'ill aAA (_£jj^>dall (j-a .AjjlijJI 

jl tlg.'lC. djill Ajl jj jl IgdllJua (Jj3 (_£ a J ja J Igdjdll ojj 3 jjj 

j_a Aj Y IJ ^-LdYl Jl jjabtll i_ya^yu (_£Ali!il lilli j t Ig.'i-a jjl^jll (j-aldill 

Ajt _kLall Al^JI AjfLdi Au3 ^Jaj <J^ jl 4aAj AS^jAi (Jfll 4(_£ j£^_ya jjda A 

jjdl A-ajliUI AalaaJI dl«.l^)^YI liA _JaLoi j .dI jlg.-dll aAA A_}3 jjdj t A.jj«.) llall 
(_JS uj .Aj(ja J j jdall jJ (jjLaLtl] (Jlc. ^^C-bdij (j:a j«J (_£I (JYal Al_jall sAA 

-y) 

• (NORM|lj«.jlla Ajtdall AjIl^II a!^ all jjlda dlillaia ^aI ja 
. J jail ja (jAa^jiJl ^dajal A-ydal j dlaYlc- Jjj —1 
.^ladYl ja Aj jlAdj dlaYlc. J jj — Y 

jjl da ^ 3 A_w_iila Ajtda Aljal AjjLaJI dl^Jg.dlllj dUjlaJI j jd (jl (■_ 1> 1 ~Y 

(jaala_ uYI (Jj a. A AAayl j. (jjAl Jl jlc. Jl J J-al Auailia Ajj^li dlA j Aj^jala 

•Wi 

^ 3 ^l*dYI (_Jjlow Ajjj Y <■".»•*.;) j jLl Ajtdall Al _j-all j jdall aI*J j jij j)l -4 

A Lll ^ 3 A _jjliiJI A.g.JI AjdaJ Aa. J jl) [JSv/h * . ® J 2, <_gA_jldll Ajaya-a 

■( J*-^' 

td^A j jjdall j£ja ,J Jjjall l*dYI -laldll dli Aljail jjd jl (■_ 1A.J — c 

. j jdall .Iaj->.a ^3 ^jAY I AaJI Jj ^ IxjoiY I (_£ j!da (Jjl's ll 
. Aalj (jaaldaYl (Jji.A AAaJ j.-lajl jdj ^J-k.a jjdall Jl (Jja.All — 1 
Ajjala jj jdll Jja ^3 Ajtdall Al j-all dLjLa. j dl jj^dlll jU A^lall (.. V%J — V 

.Aj-ald d^ilauai jj Ail_j-aj 


^rv 















6 UyU( Decommission)iyAaii o- V 

JJC- <—sLauSVI 4 j 3 (jj£j (_^Aa 3I -_JI jUJI j) -laiill ^j-alfLa Aic- 

(jjLi-a jli (.^llVs j AJIjV Jiil! J CllLajiaia tr’Ks'lj I (jU 

L. lU-an . j Jl jj3 l^J J4 jljouJI dlLliill AXoUt-a dlLiioj 

jj-o.4jtjaui]| jlj-all 4,i^rsj elgjV Aajls^)JI tllUaUI ^ya L_lUal! liULa (_j-o 

^ya 6jj3 (_1 j 3 ^LuC-VI ii.lj AjJ-aS'l\l lIsLoUaII 4uiL*aJ AjIaC- (jlj ^-all 

'. n 

i^hitil Jl$ll <j'j^ jjImS y Container <UAjJA Qb$U (?- V)Jii 

(NORM) Lam^ 


.O^Jj!a}| <*j>aa]| CllLliill d)la-a£ (Jol&j — ^ 
.Aaii^aoJI (_pa^)*J A-aj!)UI dlLyLuuJI — Y 

.4aL^ajll Q^jkl AjjL-ajaVIj 4axo ^\j AuauIIaII (Jjj|^)Ul jlnyl — V 

. j (jjLal*U ^)aJI (Jjlaj — t 















(j_fLaJ aj)_tdjl_jlill! ( a.; j q'n y! j_jc. ^ jluui (jjA) tdlLall 

. ^.^.j-an.i '1 4 j jh AJI j)\ jjjU-a (jj-iJ l^-al^ioi! 

; La (_LaC. qa S - 1 j 

.^C-Luoi'yi ^-uudlj ) 

j^C-Li _uiLM Lg.3-al aij (_£ jluva (_£.ill Jaliill AjC.l*jjjVI ^JajLvJI Jj~ Y 

•J^ 

.4_ulij^)JI aJ->Lm 1I CjLa_jla-all oLa (JLuijij - V 

:iyAa*JI fca^ljjynl - 1 

:2uM JalSjll -Aaii-aa]! AuLutJ 4,L>aq.all 4)~vnl jLmLf I q\ 

aJJ_aL i_£ jJjjiaII j a^^a-LM L>° ^^c-la-ujLM aJIji] - ^ 

.2Lutijll <UJ! 

(J_j 3 (j_ a Ig-al-iaj_u)l a^j^a-LMj C-lLLi-all ^.jAy~ X 

. (_yax ^.jail L>° oLjjLaui UjLuC-l (_£I dlljAa-a (jj-ij jjg.xa-yll 

,4j_jLall d)|jbt-al! 4 jLj AjcLiudl djLlfij]| L>° 

:4iLuil <y^ai tiiLJLy - V 

: 1 -c,a1 dlUaLoU a-lC. CllLLuJI 4_ii^aj 

t*S till A aC- j aJ^jaJI JjSjj 0 -alj^)Jj 4jL-aall aliLiajjl jiail j J-aJ-aa jjjiaij - ^ 

.a-ll jLaI! Ajtjouall CjLjLJI AxaS (Jalii 

CLjUal_uU JbUj (JLla. AiilJIj jjgxi-yllj Lj^-alaJI <_g-^ J^JjJaVt aJJSJ - Y 

.^aL-aoll 

^^E-lajoiVI ^jouall 0 jljjj tdlLl-s.j.a'1 idlLiajjl jluiVl t J-aJ-a-yll ^.j-aa. (JLuijij - Y* 

. Ig.jlc. Aj^U^a-all Aujlii^ll C llJ-a\xjj\l ^Jl 

.a^)J-a~s.ll dllj jAA dlLwa j AaaAj (Jl^all (_^iaLLallj JU.W“r~ i 


m 























^jla _uJI ^ _s 1_lall iLaLi. (_g j'uj.ixi ^c-Ltjaij ^LjaJI -c 

. AjjlaJt 

jj-a Jj-aliallj iAlnll j jj)g„a-vll 4(jjLaljtil ^E-lajaiVI 4jlijL_LuiLla £jJaj — 1 

■ At/rsj.a CllLoU-a ^3 AjuiiuJI djLalijll 

.(remediation) <> dj3J1 jl 4 JUL ^LuaVI-V 

.2ujill mil aK jll CliLukj j.. Uji'n Ajtjabail jl^dl (Jaj A 

£3jj c J ljus’ll! 3*J ^ 


U* 



4*UJI 

yaiJI ttLdll 4 (NORM) Lm 


: \ - A 

V jl stSI j AiiSI 4c.Lu-a jc. 4AIJI 4 )». jJ-all AtAJI J)l jaSI ja £-l*_iiyi ja AlajSl 

Jal_All Ali 4 jlAJI jiAaJI ja 4jC-LtAyi AliijSI L-liSAI jc. (jaLuiVI <- lS"l4." 

(J_aiajjll jfLaJ La Jal Jjg.A-yll j jJaLJS 4 c.jAI jj£j L i^jJal^l ^gC .LAVI 

£l*_uiVI J_S-a4.S iaii_SI 4c.lu.r-a jjlalxSI (jaa^A . (ALAR A) LilaC. l^aSI 

Alj_st-aj jl_ jVI 4Aj 3 ja <_jjaSL JaxSI «.ljjl 4jjt_nUI 4 ».iiiaS1 JjaSI jc- jiAJI 

4_SIjlj 4_aJLtA jSLal t JaiiSI Ji-a3 Ailjl ji. tJaiiSI Jaj <-_njljl 4^ ua Jja ^AVI 

A^SI 4-iL-JI l_uaI j^)ll jrvj ^aSIj 4jaaJall 4 ».iiiaII JjaSI jjAaj i4jjLJI a j^AJ 

AlJ j ^yi ^l jjI ja JU V j .a j^AJ j J^.jll j 4 jj1aSI (AI^xaSI ja IgJI jl 

JJI Aajlijll AUaLJI (jC. ajiL-AI ^-LAiVI jA j3 Ig.A^sAi jjill i-LajLUl 4jjlijSI 
. ^^c-Luoi'yi (_^ajj«jSi jj la AUja.yi 4 ».jjL l < iS"i's." j .^,'i».aSi 

JjVI I_*a j jl_c .a 4j*ijLSI 4 ».LiaSI JjaSI jc. jiL-AI ^-LAyi j La 4.1 A 3 ^)*^ 

A=j_*JI (_gjL^S j.LaA. 4c. Aaiy 4ac.AS AAaSI JjaSI jc. ^jUI ^^^.jliJI A 3 ^)*^ 

Jl_ac.1 jc. jaiLSI jLuJI (jLiHuil a^ 4jjojI_ujI jjIxa ALL jc. 0 ij (_^illj ^AJJI 

Jj_jl idljlJI ^IxAS (A^A 3 Cf' J ‘ J J'J' (jjjA LfcjJC- J AlJajuSI 

jAjJa Ja*JI rvj A 3 ^)*-^ IA ja Ala AS j .^jjAI A^ 3 jc- 4 *jaaSI clA jLSI 
< A j^J _3 . A^)JS 4alklS AljJI Al^AI Cjljx^-aA *-. ua~N AiiLfl jA AlaAl t - J Sa.l^ 2 ij 

ilj _ Jl jl _ a jl _ Jlj JaiiSI ^I^A-LaI CjIJaC ^^3 Ajk 4jc.l*jaij 4jal JA ^aUaj t-AA 

^Al joS Jllij C AVI JLA. A 3 ^ (_J] (jiA (NORM) 4^ijJ-all AtAJI 

jj g.A-vSI j AjIaI *il ^^lkUl A 3 J*^' J^ 1 La A 4*jiJ 4 jc-AS 4». ill a SI CjIajjJI 

j_^ A jlill Al jl j t A jLSI aj^^Vlj AILjIaSI Jijj tAlji^aSI 4 o1aC. JLA 4nalij 

. Al a*_JI j ij^Vi 



















:<jJb I £l^l V - A 

g0)A*JI -1 

dLba^xjll aAA Jla j . ^ jLa. (JjSj La-Ajc- jA»-a-al! (_j-a (jaa^xlll! 

(NORM)l _jafcjjJ-a Ajt_lull b J_all J <a.jiLa}! j Aslx<all _jAbaaa]| (jx C iAVi 

AaC.j^\ j L' n.lljV I ^3 (JLa.jVI J 4ali*a]| L_lxujJ -iljJ .A3_j.4aC.lxjailM '•j**Vlj 

dlaJj (jli . jjg.A-vll j jjjLalaJI ^ic. dl-ix-all aAA ^jLa.j (Jiij Ac.^}a. (J-ix^a 

(jx j^^Jc. a J Jill l^J .dill Lala AjuoiI l" lx U Rci (j^aaVI ^)jUaj 

4j«_ £L C lx n Tl _ ^ j r J 1 ]^ ® dl-ll j Aal (jli liUlSj b)I.Ax-a]| aAA (jlla 

a-lA ^j)-aj.jj ^jla <C.^>aJI (J.A*-a jjjS (J^jun jjALuU “bile. bUa dllj Lola. 

Ajt _ball dlljS_^^clxaiyi -bblillj 4a-aS j^ic. AaJxJ 4£.^)aJI (jl . dl-Aa-al! 

. dl-Aa-al! (_}al.A a J 

j — JC. d*iM - aJI (_>ia— *J ^gij .|jSv/h (j-a ^ . bai ^ ..a Jaxl l <C-jaJI <J.ix-a 

(j_a dlla ( xbaJ ^Jl dl-Aa-al! aAA ^ j)in ^jla Jjx-a JjL*ai AB 4jjliic-VI 

^ — ba jjj .4 _j^Luc-VI Aac-l*—bVI Ajsl-vll (j-o a^ys 1000 (j-a cs^-S MSv/h 

.£■ ^>aJI aAA ( 1 — A) JjbaJI 
dl-Ax-all ^jla Jlla jj-a Ig.Ajjs'i ^jfLaJ ^ic- bjlaJI dlluijJI bs! 

Jjjoaj V LaA^lSj Liu dLaJiaa bUlSj -bbaiaia IgAa Afi«_ua]| Lala Axbul bUa (jV 

A c.^)aj| ^ 3 ^a1_ujJ V Pb 21 ° (jC- 4ajUI 4jajlaJI <C.^)aJI (jli til] lit dll -la-all 

aj A 0J 9 J ic. IjJj A UJ^ W-^ 0 L)^J ^ T^"'' 


.dll .Ax-aJ! 









:ba*JI gLyl jLI Jnt J Jam (1 - a,J$jm1I 


M«Sv/h 4^-jdl (Jd-a 

^5 3-aII 

300 t> >1 

q\M\ dlLoL<u-aj ^nll c > niljVI 

22.5 - 0.1 

^ull ^Jajjj 

5- 3.5 

£^1 lajl-tA. 

200 t> j^l 

«(J^.|jJ| Qa Jjjiljill» (Ja-asll Sj$d 

15 J^l 

«^jlall (jjiljaJI» (Jjaasll o 

0.5 - 0.2 



dl.i*»a]| a3A ^a3 (jj-Aj ^jJjl^II i." )l Ujijj ^»£Ijj (jfc jUj.a~v.all l_L oiSlI jjfLaJ 


. j^c-^sJI jljjj t__sjjad Ajlaj-all diljbt-al! ^a3 Aic-j — A^(JfLoi 

Lc.U_Jai l 1_<_n_uU V dl.jai~l.all ^3 NORM 4jxnJ-all 4juauJI U jaill Jj^.j 

oj_A (j_a (jaaj_dll u' L "■U'Tii. (joLalail Ajj UjjII <C.^)iJI JjAi. (_g.Wlj IjjjS Lli.jLi. 

^_ya *J dt jj (jfUj .jUajLaa 4jjla j dialed .li.1 (■_ lll-an ^ C navj (Jjla (jjfU Al jaJI 

dl jlvv.ll ^Luj (jfLaJj jlj-all aAA j_jc. Adjlill <c.^aJI lga3 (jj£j jjjll dVUvll 

(jaaj_*ull (_j-aj) J ad-all (jfr jULaaall ajlj^j liUjj (jd^)*j]| (Jjl'^ll Aullull 


jj-s (-, 1,1, iLN I ad cjjS dJjjll (j-sj (_]j 1 sjj (JjA..UI dl-AAv-a (jl d*j -A 3 j 

^LjjI ^.x/lj iLoLi. Ajdul d-ald j 4-alijaa&]| 4-ljUall <C.^iJI (Jd-a 
















(NORM^mihtl ^11 (1 -A) Ji- 

6>&^2b 



(j-a^ J ^I'^-aH (j-a Ll£ LS^" -^aiLiJ (_£.il! J AaC-LuaiLM Ajls^jll djliuLui! 

&'jl\ s 

j (jfLaJ La ^^J^asl Ajjjj^ill <*jaiVI ^J.'u.-a.a (_j-a L_)^)iHj dlj^jall (_j-aj (jiaii. (■_ )-%.j 
_ aVI Aj^ala. j 4(jja. -i*J ln^> ji^-al^-a j (joLaLtll ^yj-i (_L^a3-all (j-a I^J 


_J (jl (J_jJaaLM (j-a Aj^ .AjtSj^-a AaC.Lt.aij dllc-^aJ IgyS (_L-aay ^ull 

. Aa.lj (J-alc- (_j-a Jjj (jaLalc. aJiC. ^Jc. A£.^)aJI 

:<yLdl T 


il Ajjj-all AjcjoiLU J^j-a-a ^1 (jC- (_jfLaJ La Jbul £.ILJI (J-aLtl! ^^Ic. 
£-a ^C-Luiyl ^JAJ (jj£ (jC AlaLj^l AiC- A£-^)joU ^^C-IxjoiVI 


A.Ujj^C. AiDlc. (jc. Ailj.jj.all ^jjji 






£• jO_J fj —h 


d_l_12k 4jt_ 


a^lall j (JaLtll jjj jfLal La £jjajll ealjj (_JjLaSJ 


.^j.}ll aala ^ jj t^llj .Wian j a^Lall jC. ajaL.-all 4 jlLuLM ^j-^a. i jjAjJj (j-aL-dLalj 

(j C. ajjl_i_jall 4j«_LiVI ja (j^alv xjjVI 4jlavl L_)jLjVI lift ^laVlml ajlc. jfLaJ V 

dlla_stall A _ La (_£all ajajaJI jV .4ulaajll (JjiasJI ^a 4a*_uUl AjulLall aljall 

# s* a 

Ajt _Liall alj_all ja 0 jlill tljual (jCaaiLLall (jlaj*jll ja lalLLa lc.ja a*J 4,jl-aS'ill 

J_ i£l <-_LUj ^S) Igall jl ^J jjill 4nL--all L_bailj^)ll (JjJVJ ^jill (Jjaljjll jl . 4as«_ljlall 

alii ),->J lagJ (JjS~s.ll ^gi oJj^jall 4.j».ljJ*»ll Ajtiiall al jail jC- -LLoilill dlL-iajxjll 

_ lc-l ^ J^. -i JJ <jjll tljjal Jjll LJaLakj ^ a j"uaall ^3 (Jjaljjll ja jjj£ aac- jjjdi 

.ASLiAui (Jjaljj ^la~s."uJ jl.(j>aS~sl djIaljS jg.lr (Jjal^jjj jja ja 
(Jji.all jjfLs jjjllj ajlajjaj i__al^}Luj 4,sl-a'ui ^jaa--r 4ajlullj ^gljLM (jjJjlrs.ll <-_lllajj 
AjtjjLall aalall lg.l~s.la ^^3 ^gjll L. njljVI jli “Lijlall a jlrs.ll Lai .lajljjJaJ ^jfL^a Igull 

I_Jst jl-a 4j«_iLall aljail ja ajjj£ 4jaS diajkj lal Lai .IjjIsj lc.ja IajLuE-I jfLaJ 

(Jlaj ^gSl 4jaali. AjC-jl ^gi Igj ji. L_ l~s.)3 ^^gJLcJ ^gC-Ltjai] laLLu dlli (NORM) 

.41 jjLa dlLij"lj.aa ^glj Igaa aLaljll LaL^. Ajtliil 

jajaiA l-r 


jaL-aall £a (_Jj3j 1I jl . jLajLM ^»sa~s (ji.la Jl 4jtLLall jaL-aall (Jji.a 4,jlaC. jA 
(_jaj*j L. \\ ia \ jl jfLaJ lj».jllo AxLiall alj-all jLaVil jl 4^.jjLall jaL-a-all jl 4,sla»,all 

a IL^. ^g a j . jl dVI ^aa~s ^gi ^jj^JI jl ^VajjVI . (jj4 nil jjjla jc. ^gikla 

L_lj a £ a~s."n (_^a II jiall jj^l^jll jl*J j»L«uALfl ).>.>a lj». ) J-a 4jtLLall jaU-aall 

. Ltjla 4jtLLall al jail jalaaa 




















(jl (j_£ai ( Jllj_II dj_Lll (jli J.j Ja Axila!! lljall Jc- 'jla ua J a. )l id dc. 

<—S_jlaVi 1_ic. (_Jaraj lilA j .Ajtdall dldjll ^l/JVI jl (jLoiiLai^U A.'Nlli (_Jaraj 

(J_£VI (_i^3 AJaa^JI ill ^alC- dc- Ajlji^all (_)d Jtl Ig.Vfl jl Ig.lVi jl 4jJail dldiall 
A alaia ^ Jl Jl dljJail eiiA Jiouil ^adtl jdaJI llll tdli£j t (jj WillJ CJ^iallj 

s> 

_3 Jlaj II oiiA J*lll ^n’l Axiliiall Jlljalli liJo a I_JI (Jjta. ^alc. t^Il-Vsj Jutll 

J C. 1 ic. A _i^aLi.j aj)\ _ua dl Jill Jj (_£.SJ (Jls^ll *AA JiiiV'uJ (Jf .al 

.« jjlaJl (_jJ/lall j ^jaVnll a jj» .AjjIsJ dllxall J^VunI 
VjlaJll j Adlijall (j-al _jll Jc- du*j (jlajjT ujiVI (jc. AVilill Ac.^>JI Jalda j] 

all_all dll_llJ>J Jdailj jjJI Jaull (Jlsta Jc-J (NORM) \jum $I JaLoiillj 

^gC-j_II _Jui j iAjJail (Jaliall d.,VVl Jo d V (JISliVI llA (Jlia (_£jLlil j .Ajtdall 


Aja^jjoiVI £daj j ^j.~lWll dl Jail dj j . dJill alA (Jlia Jl)_^- jlaln.ll (Jj 

. 4j Jail Ajjlalall (JlilliLuiVI jl 

Alija Jalia ^gS (Jaxll alxil jjlllll Ja^)*jll Jo AjlaJl A* ale. Ac.|j3 d.jj 

I^gA j A.j».j llall Ajtaiall ll^jallj 

(J_jaVll ll j a ^al 3di uil j c*l_l*Jt j (Jlddill j <-_j| _j dll j (J SlVI £. iaJ . 1 

.•ijJ~vall jl J Jill Jaliall j( Cosmetics)«-ldll 
.Vailllall dalVI j ^c-lilai--aVI jjaSYill ajj J^VunI . Y 
A _qlaiall (j_a lie- jlaltll dji ^jC- yjjdll j^gC-Udil L al^a^l .V 

. Aj Jail 

Jal_SaaJI j . (jal.dll jl t_ll ^Jll j ^alxlall (Jjlii (_Jj3 Aj^. ^jll j j_jj Jl JaC. L_ 1,-^.j . t 

. al jlll Jc- (Jla*JI (jiulila (JuC. j . Ujlai JLlaV I daaJ la Jc- 

jlaoil (J-Ji (_)aa jl lj».J lla Ajtdall jl^jal! All jlV Ajajl (jjall al.~lVu.ul (_JaSJ — ° 

. lAjUlVil Jail dlljUa. ^g3 ll _jall Ja^jj.al_j^ll ^^3 Alijall Jl^jitll 





















:Aallall AajlSjll Cal$.lja.yi £3j-alt ^ Aa jL&ll l_luiIj jll <—i_j]j All jl C il jl.ac. i jUaTi 

(Jjj _ uj-a Ajjj LaAic. A. \x.\ iJ-all AjtojLall aIjaIL Aa _jla Igal ^^Ic. CalA*-all (jalxa — ^ 

. ^,'lx.al' aLJI AajlAjll A_laLjJI 0 AA 2 U Ai. jc. ^^^jLiJI ^^E-btLiiVI IgjAajaa 

jalal_*il AaC-l*_AijJ jlal_:ias A_jc. j'v’n ja*JI £3ja ^ Cajall All jl — Y 

jlal_La (jAajl <—L-aj ^aJ Aaajllj jj)g.,a-vll j jaLabtll jjliij jaajiJj iAUa! jj)g,.a-vll j 

f.A_ill (J_J3 ijl'ujjl-llla (- ijlVnll JjialLa jAaj I AaiaJejj AaLajLlla A-bjIaJI L jlVnlt 

j . jjC.1*_ AiVI Cllj _ Jail _ aljj] dllA*-all jc A.ja.j ilall Ajtjouill Al jjl All jj t — iV-lLastj 

_uU J djj_hll c.ljJ^.V (jaJtll AjjaLa jAa AafLiLajall Aa3-acVI SaIc (jaaiaJ 

A_jj£j]| cAa jlalLa ^3 All jVI (JLaC-l (jjjjj.ja*JI ^»Lajj Aaa l ajJVnll Calc.ljaJ 

.£_JLall jjAl jll jlc ^»£l jj j»Ac jAajiJ 

(Clearance) a—A sjll ^ij jAaj*J aajjll -Ul jj ^1 ^tlaa ^SjaII jl Sj^Sfl — V 

A _lull _!l 1_gaa.jla j] CalajLall oAA jjjAJ jAajil jalajll A_laLaJI dllallaiLa j a 

.AaAlaacI CaljjLa£ 

Cal«.lj_a>.VI ALialj AacbtAuVI jlalvalla ljj*a (jl l. i-%a Cajlall AjIjV jjlal*JI — £ 

^11 AaA jail Aalajl a j^-^-l ^al A~s."ual jalal*JI jail; jl j Aalsjll AajjjjAall 

AalaLa (Jji.Al Aas>aaa_i^all Cala.1 jajU a^a3j*-a ^Jj AilaAaj All jVI <_JLaaC.I $.ljj| Ia jlAjjl 

. Ijxj u^> Aa jLall aI j<dl Aja. j 

aIj _all jUalil ^A*J AaSaLojla Aijc- (JSLuj Ajuia-all Alj-all elja^.1 CalAa-a ^al aVuji! - ° 

^jl_ u _II A_i.la ClllAat-all jl jl ( Y — <_J£ja (J-a*JI £3j-a ^jLi. ^1 Ajuia-all 

^ V — A^ (JfLoi l^a j]j All jl (jAajstl ^1 j-all 

^1 alj jgnill <yijl juifi <yyti$JI t - A 

cUii 


MA 


















j! jJJ! j ^IxUl (Jjljj Cf" ^ (J^a^)*a]| (j A (JjVsill . \ 

.dll^t-all (Jjli 4j3 iSJ ?--J (_£^l (J»a*JI JjiaLLa ^3 4,jlj,aV'|]| j (jjiJall j 

u*u*?i 14iij| <yyia*ii qmi ( y- a)jsa 


l<u*W aUa* ( r- a)JU 


4jljSSI gd£« gjU 








.Y 


a I j_1^.1 (JH_(j-a (J-a*JI £3l_j-a L>° ajjl-y^a'l 4aaJI ^11 dlajLall (Jtsail ^»4c 

^»ldaa_uila (_jaajLM 4_jJ-axij 4jdi-all jl^j-alla 4a_jlall dl^j lg.-s.~~lH (Ji.1.3 4a_jlall a jLall 

djlia (JL^.j*JI jl t_lxulj^)ll Jl£ul jl _jlac (_^l -J j£* (j-a (Jj^lH cJaiuL-lall (j-a 4.1J-ad 

. 4.qJ-a~ialla 4jaaaaaill 4ajall 
.4a_jlall dll Jjg.-s’lll j ^Sl _j-a ^3 ^j-ddiill (jia^)*all (_jjila3 . V 

j (_)ji jJ-La (j a 4alS^jll dld-a ^l4ad-ul L_ 1 ,-s.j 4a^iall dld-all £-a (J-abtall -lie . £ 

I_gds .Jjaj (jl (jfLaJ dl^jjg.Vl ^^ic (J-a*JI L . lU-a" ILj 4aj-ula-a 4aC.l~ll-aj.--al ^jjaSaa a^jg^.1 

. 4jua-all -il^j-all £-a ^-ala-all (_jjiLaall (JalSal 4a^jla 4aJI ^jA dlalx-a 
Ig. nJaja 4*a 4,»,jaaH jl ^j-alla 4a_jlall 4aL--aIl uJ j^)ll j (Jlaa.jV I £-a (J-al*all ^aj . ® 

. jjfLa-a d. JSI ^1 jlaiJI o jlal JjlS'il 

4(jj^lj II J)lc (j-a (_j--al-s.~~ill tdljj (jljaaJI 4a_jga aaj J-aS'iIl dlalji, <- Si Jim 4ic — 1 

j) a ^j--al-v~i II ^1 4ildl ^Y Y jjj|^)II^ JIdil 4.-saii ^SIjjjj JjaJ (jl (jfLaJ (_£.JI 

(_>aij _J aj_g^.1 ^»l.lia_uila ^ j - aa jj . dlajl£ j j4gJI a^>dl j 4-aLall a^)isaLM a-lax-a 

.(jjiuaaall jl <- S) J-a Till JaJ (j-a ^a-aa-all (jl Ji. J) (J jV I J_^i.JI JI-Li. 4acl~u--a 

f.1_alia IgJ uuta t, I_ gaAJI jl (-. i-sa il SjJVnll (JLacI ^3 4ai4id-u-all dl-ix-all — V 

£_dja3 ilgac d^jlall 4JI jl jj^-oj Lf ^all ‘4a_jlall dld-all j Jll _j-all Lai t (j^jl—-all j 

,4jdLa dlalii lAjIaacla jaJ-a'i ^a ojail (j^iaj IgJLlcj 4aSjaj-uHa (_)alaSI ^3 

4^lall 4*a Lfl ^Lajll jl AaslaJI (_gjl-vall 4ll jLM j)C 4^alall ala-all ^■^ c - ~ 


jl I_ga ^ j-aja-all JjdJt (Jjlaa t4.«.j.aall jl j-all j)-a 4daiida JySI jj ^Igjl j>a 

.4ajls^}ll 4.J-alj-all (j-a 4c_jdaj-all ^jJjLt-all (j-ada (JSI 

j tdlj_Jg.-N.~lll L <a jJ-^Ti (jJala-a ^gjj ^agj (j-TN^all jac (j-aladuLM - jJ^~N.J — ^ 

. (jS-aJ La (JSI 1 _aaJajall (jJala-a ^3 (_j-alda'JI 44c (j^jSj (jl 


10 - 

























dji_ aIaC- (J_1_jl djIjlx-J] ^C-Ltaalj ^aoLA £.|^aJ ^ 1>j — ^ * 

4_J__jai.il I {_£jLuU (_£ HIJ AlljVI (J-alc- aalja ^.j djl«.!^)il! AajlLal Igalgail C*a j All jVI 

j_ a (J_si jjfL: jl i>j aJI jVI c*a Calal jill ^1 aJI jVI lIos djlf.l^)lll (_jjj 

.Aaall*JI ^alll £-a (JaLtll jjLL j>J AaJ_jll 

Aajalia dllijU. ^S Call _jLall £-\*yj (JLvjLMj Aalj^ll l_UjjIj^) 1I £-Caj — 1 1 

(jaaL-aaaV CalaaCLja ^> 0 C- Ca^jlall All jl AolaC. jC- Aaulall alaall jjai (jl j jjj-sall 

. lg^.^)la jl Igail.'I's.'uol aClc-l j Igaa Call_jLa]| 

(NORM) Lhula 4a**ll 4l£*JJ 4**U o>Uj <-A 

aC gl ^^Joi LHI J «*ll (JLL^- aIjLoij AaL-a Calalii jlillj laioll CaLala ^3 djll 

jl Caj Sail A SI jV A.-%jVi AasLCal aAj ^.a Calalij d jju dll AjLCaVSaj . CaiLliall 

Caljalll ^Jj laxnl-a Aadus cl ja ^jic. ^jaaCj Calaliill aCA . CaLaiall dll AaiLaal 

Cal^allall AiLCaL?laj Calaliill aCgl jj.C-a^)»adl jjg.a-vll j jalaLtll ^^Ic- Aac-lxCul 

I_Jaail-a Axliiall djall Calalij ^uSil ja. jl jail aCgl Aaal )aj^ Caljala Ja. jl Aac.LtCuV I 

;^A jlillj Aalaaill Calc-lu^-aSS Aaaaj adjlallj 

0 naSI «.lall — 1 

. JUjVIj ^Jjjll -* 
Aljlall Cal-ixall — V 
. Calaliill AlaLta CaUbLai jc. Aaaalill Calaliill - £ 

. CaLaiall Aaiiaaj jc. Aaaalill Calaliill - o 

f.\ _all ^ .'s.^w j£lj Alois (jjSo ^.Tlall alall ^3 A*. AA cl jail ^Ud7l .Lldill jl 

(jiaiiaall laLaill j)OJ ^jl jyU IgaS ^C-latjaiVI JaLaill jls A.j\jL«all Cala_jLall Lai 

a j_A (jCa*al (Jojlall a L^aoll ^)-aC. jl . (Jols jjSo i_llill ^S lg.a-v^> j£lj i^UlIj 

. Igl aJuot. ajlcj a_ )U-al) Calaliill 




















J _j _1c. 1_£& AjLajLq djUlaj -lljJ 6^-^.VI jl oLuaIaII ^jc. dl AJI J|l 

4 Q J l Qulpa dl^jSlSI 41 jj (jl dU2k. 41 jV I Ajjj^laj Ia j4jij 41 j4l jj4l 

A a jli'u (j a oJ 5jj4I A aUJI till lliiSI ^1 AiUlaVlj A4j-a dllllii 4j!i 4141 

a II jl jl a tdia Sj.«.lj^JI (_gi 4S14I 4441 -al_j4l 41 jV 4a.i4u4l dil~4^)4l 

dll_jliill ^41 .4«_jus al^a j ji4 f’lusll ja tllLusS -iljJ £ii_j4l ^3 dl^SlSI 

tli^jliSI 41 jV A.4n a.i]jj4l 4441 
. dilil j4l j Aac. jV I j <—uiLiV I ja 41 j4l (Jla. jV I — 1 

.£.141 ^ Aalausll A.jSn->SI djLuajiSI — Y 
41 jV 4a.~l4j.s4t A4 Lusj4I JsIj 4I ^ Adilj 44us tllLuuji 4jl4l JjIjjJI-Y' 

.<di 

. 4jL 4I jl 4141 til ^lill 41 j] jC- A4li AaSsua dllllii - £ 
^.14x41 £.141 ^adijill jl t_iiuijill Ailaaa tlil.Usi jill 41 jl jc- A4ili £lus tlililii — c 
,Ja^jiuda4l £141 ^I.~i4ujjI Au44j dljliill 41 jV A4a^>ll Alala4l ^5 
.4^141 jaU4l j^al A^dli 4j4l du4l — *1 
44a jlja ^ic. (_£j"l4 ^allJ j4.i4l ja Ati. jUJI dlljUtll j I ^)iUai4l jllaJI — V 

.ajiUala 

dll_l£ja u _Sc. (_£ J_14) Lail j t. Iasi'S. 44us jja ^C. j jl4 jf dlllliiSI O-IA jl 

4ai_SI a.jsj.4i ja ^clii 4i4 jl a4u3 Aijs>sc. lilii t4l jVI 4oa4uus a4Lus4 

■ilj _ all 4al ja jjSi (jillj dlijll i(juaL-a^}ll tjjlljSI (Jla 4j£lll _^xuali4l j 0141 J 

.AaaLdaj 411 J t. )S}-aTl ^)s-ali4l oIa . jUtllj Jaiill ^laij jc- A4iliSI lia.jjla 4441 

(J ala.!IS A.lVaiSI dlljlrvSI j ^llaTill djIaVI (j<a 4td4l dlllliiSI OM 

4._u4l jl j_aSI (jlaaJ ^.asaSI ^)44l jl t" nrv .4sl4lj 4441 dlllliiSI ^us jl4j 

. ^^C-ladoV I lA jlr*». j-a j4l jj^j 


^or 

















A _J-aVllI dlcla_i-all j_C aAljaall Aja.j ll-all A,»,d.all Aljall 4 all's, .a II pi jjLU 4'S-n'ij 

L_lJ uUj 4acl*_AuVI A jlajll £daj aaa»A liUAl .IaaI jj jjia (JlaWl j jliJIj 

dLajLtall jla (Jals dlaliill aAA jjSjjj ■s's.^k jjS 4iLLi.j ^alaHill dlcl inwall A.x, j 1 J -3 

jl_aVI (jl j_a ^C-jll_J aAjA_:sas jjfLi jalabtll (JaI dlajlall aAA jlalda jc 

• ULila jc jlai]| jdia (jjdl Ajdus Alja (_jl jC L al’l'sa V ^^lajuiVI 

jAl_waall j C. Adllallj AjdLall dlaliill SjIaI jC Adllall jljdajM .-»jjVi jAajilj 

(jjj uui Aic jjfaj 4a nil j jldVI AalSj jl (ja A^lall l ‘i.'ig.i Ajtdall jjcj A,«,j, : Ii.all 

.AaljAll jaiLtall L_ia»ja-i (Jjjia 
! La p tail L. I's.j jal (JfLuoJ jl jdaV I ^vnVI jAa jil j 

.AjtLuJI (Source terms) jaL^II JdlA^ j^jdd j ajasAH 

Ajt_dall dil_jliill ajlAj (j_c. 0 jlall jjg,.as.ll jAajxaj ^.ig all (jAaj*all JUAd - A_l 

. Igaa (j-^lVill IaaIjJ 4ldJ ja A, aLi'S.a 11 
(jLuuVt ^Jc dlaliill ja (j^al-sill jc 4dlill (J^j/I 4Ljia 4aC.LtdVI dljjlllall — ^ 

.4inll j 

.dlaliill 4laLta dl Altai (JliaLM aaaa-aall - A 

A lull J JJ g,a>ll j jalal stll jAajjtal dl jLaall j dlA jJ jlilaall jja's £aAaj — A 

. 4xAjaall jl jdaLM j Ajtdall jJCj 4jtaiall Aljall 

(J_ AS ja Ac. jda jail dlslajall £a jjliL Ajtdall dlaliill SjIaI jc 4dlill jl jdaVI 

jalal_sell AajAjaII Ac. jaJI AjA^. jadaai dUHamll aAA .AaljAll jl Aualijll dUaLall 

Aj«_dall dl_jliill ^jial ^.vi'ii jadajjtiall jjg asAlj (_}a*JI alial ^dajjtal 4,-s. ni 

(_JdA_all dlajJ_uu> Aailajll dUaLall ^daj c g ll.~'l < A AjUj aULiall (JaC (Jjld 

.^.vJ-aj .^11 djlallj ^C-lstdiVI ialLilli AjA^.j 



JaUtadl (jiU l ®- A 

jl_stllj -laii_SI ^ 4uL-all J-all AjtjouJI Alkali LtliiVI JaLouSI 43^_)jual 

^3Lai Ai-Sj illl3j ^Ixll Jaldll dl3 LaLi. 4j«jll t. IjJ-a (jjilaS A-ajlaia ^1 A-yual L. llJ-an 

^oJajjj . J j-sll l (_pajiJ ^iljjjLa $.lc.j ^ Ig . xd jj Ig^j^sj Ig . S j>"' j JLi.jVI (j-o 

.NORM ^3 Ajuliuill tlll.ll_jill i_yvt.} jjJxJ Ajjj^)la — A)JjAsJI 
CjU—u. jillj Jl—a.jVI t> Rn 222 Jla Ra 226 ciIaJj (emanation) 3jij jV j 

keV 186 A _allall (_£)l_i. j_a o^joiLlo duLlS jfLaJ Ra ^ jli .1.1a. (Jals AjSj^iSI 

A_j^.J AJLi. ^^3J (j>>q-y'i,aH jjSjill till3 ^3Laill ^3 LaLa. 4jt_lil tliljjJ_jil 

A _jAalJ J^U. (ja duljij jfLaJ Ra ^ jU keV 186 AiiUal! CL)I3 U -2 (ja (_S^.Iaj 

A ■y.jVi A jlj (_k^a jjll ^C-l*_lil jjljj <SLa. ^3 jlj jfLi laAjc- Bi ^ j! Pb 2 

.till jlill Aail V £.lc.j (_Sa-l3 Rn s-l j3a.l jl (Jjla 3jAxal 

^Ia.lA SI (j-al i-aja!)ll 4 dij dlklj all L. 1 . 11 x 1 j Pb 2 jj£ji (^LlS (jl 

(_j*aL-allajU ^iaj^aall t^3^jajll ^Ua't ^3 4_»laix.jall AsUaSI tlll3 Lax Ajtliil dlj jj_ jiS 

dll_Jjlx j»lAxl_uil Pb -10 jA_i-aa (j_ C. <xjljll 3_jiill tlAauLli ^11 AjiaU ^^IxIaII 

. tllLuiLiall o3a jja ^3Laill (_jjiLjaS Adil ^gJ-axjj| 


<LgUJI iii I nil UU <y^il ^.da wULdd grriUt- A 

jUJI Vl la^JI AaLud ^ NORM 


tliUaxjlall 

(JjSVlll kaAdLoLall oAj ^jll 

aIj _all oAjjjll 

lg_uil_i3 

j—a (JxIjS illliA (jfLi ^1 I3j 

U-235 

(186 ^L-aUJI d!3 Ra-226 

keV) 

Ra-226 

ij—A (JxIjS tdljA jfLi ^1 I3j 

U-235 

(352 4_$Uall dl 3 Ra -214 

keV) 

Ra-226 

(j^al.j.^i'laS^U -Pan'll ^1 ^llxj 

(46.5 dJUall dl3 Pb-210 

Pb-210 




















^Idll 

keV) 



(911 A_iUall Cdld Ac-225 

keV) 

R-228 

(J!)l_(^gjj ^LrvJ 

chain AJ—uHJI ^ j_iAj 
branching 

(583 A —aUall c^ld Th208 

keV) 

Th-228 


d_xl] ^_m.Vlg.ll Jlill ^IdVualj dxJI a^laS ^LiS (jda^jxJ A-ajlala]| _^Jxj l. 1-y.j 

IAEA-A-a j uj j-all A jjdll A _ sUal] Ao]jdll AJl£^j]| jj-a AjjLjE. jdL-*aa ^1 d~s."uJ j 


.(IAEA-RGTH-1 jRGU-1) 

^1 ^l~Wi (_£^i.l dllfrl^jaJ (■_ AJ-aU Po- 10 _1 JalAiJI 

(JjjI _jail j (_L-a3 ^dj-aill ^touul A-ati Ajldl (j-ajJajj djIel^aaVI ad&i(J_jlal 

Pb” jy _J ^C-lx _CjJj_All AJLa. ( __Aj tall CljLaJjati. L Ijla A-ajJaia ^IdvimLl 

<-_s_ sh (JLLi. jja Po- 16 (_^Li3 (jfL®^ 4-A-a*AI dlLxuijjllj (JL^dVI ^3 Po- 10 j 

. i__ailf£ia]| ^juniall jlxl] (Ja^-a-yi V j)jljj]l °-iA (JAa Pb jjiajll LaH. 
Pb' 10 (j;U ^^C-btjaiVI (jjljall (jli 0iLall frLall ^j3 Ajuijia]| 4_jxujla]| ^)jUajll ^lyalj 

(jl 3 j—Al/Jj—%J 10 j)-a JJ^I ^^C-lx-uij -LLai die. j. Ljj^jJa j)jfL Lf Po _ '^J 

^dj_ajll jjSjj jjjdJ 4jailj3 jjflaJ Re~ J Re ^ ( _ 5 ^ c - (_5 jIjJI j (JlUall ^djaill 

La jLueVI ^)laij di.LJ ldJ 2 k o^-Uta (Jjilaall *Lajlaia (jl (J^ljAsI j^^le 

Bi 214 j Pb 214 l^x_j]jl I_aU. djliiijil djIdJI Jd^ ^le Ra 226 jyxL -1 

^dj_ai «.!_C.j jja jl aLall j)-a Re jjjdl^)ll jle d_jiil lilldj AajSd jje AjLaC. 

.(jjLall 

(j-a (_^jlae jdi^a-a ^IdVlmlj 4.uVi (jfL®^ BP^jl Pb”' 4 j_)aLi9 (_gi Addll ^adC. j)l — <__1 
i_5 jl_JC- _jd_aoa jl (IAEA-RGU-1) 4j^)dll Ad Hal] Auljdll AJl£ ^11 jdL-aa d~vl 

. jlxi] dila C. Re ^ j)-a (JjLui 


iOO 


















Ra "" 6 (j-a 186 keV AiUall Aic. cjU jj jail ciil*_ul Jl.a'WV joglll (j^jiil A.->jVr~ cii 
«%35» Pb 214 keV 609 j keV 352 AiUall a^ «%3.5» 

Ra 228 u-L-a t> Ra 226 ^US J «%45»Bi 214 j 

. dll^a 10 j'.Vaxi \ 

•* * 216 
(_jo3 (_j-a A..i>>q-v'i,all AosUa ^^jIaII (_^aU^aoal/U iUIAj (JjoSA JJC- Pb” (_>jjla3 — dl 

.^A_j^ull 00m *1 

^_ 11 Jllmll ^3 AuL-all Alj-all <__baijjj (j! <_JLa!i^.l lUligJ 011 a11 c-Lall (_jj)Lj 3 Aic. - _2k 

L_ n>"l (jfLaJj AjtmaJ (JjUjJI (JUaJ ^ djlf.l^)3 ^^JaaoS i—LilfUl (_jos A_u^}3 j alc.^11 ^13 

0.11_ aj (j_Slj (glue) 0 -amall ^-l_jj| ^jAaan AiUAajj (_) 5 mj eLall iUIa 

.A_m£ila. Ig.lx-s (jfLao V AoULall «.Lall 

Ra"“ -lj ^mlfUl (jjLjall (jli lBq/L (jos (J5I ^C-la-aiyi -laLiull (jLaAjc-j 

j_oS^ill ^ _lj ^iLaill :>aa 0 l~Wl 3 tdlal .Usl£ jjc- (jj^j 0 'V'xill s-Lall Ra 8 j 

.A_1 ^oLa djUjfua.a ^lj ASaII aAlojj AjtJiuill ^>malj*ll Jy£jj (jAa^)*! ^i-s. nil aUxu j| 

_j majc- Ail_waj J}J^)la (jc. ^jjAl^)ll Aallc. (JjjLaS A 3 A ^^Ic. Jjmvs.ll (jfLaJj 

JS_2ij ^ jjj!— 21 j ^ ,j_jaI jll u .joijp (jJI ^ajj ^aII j (carrier) J-aUJI ^ jjjUII 
^lj Ia jo^jj (jfLaJ jlull A.a.mv Ig.^-y^k 0 ALajl ^^C-lx-AiVI JaLijll ;A_uIa jjC- dlloj^joS 

(j a c_s aj 3 (jj So jjau-<a alc.jj l^uiUa (jfLaJ ( _ s 2 llj Aulmall Al jaII (_j-o Alois Aa-a£ 

A oilaUI (jl 3 iUIajj aLall 0 Ajaj ^3 R 4 ^ (- 'll's.'i Aiojlall aAA (jls iU 1 a£j . L ImlfUl 

Pb 216 (_julo 3 ^.ilaua l Ajjjjlall aAA .Alois (jj^J I^jjjIoS Al^-all AaL-all oALall AjC.Uuai'yI 

|a_J (J_alo^ jfl j_ uiaII (j-aU^a^jll AiLAaU lillAj lBq/L (_j-a (J5I dj_jlj (_g jum Ajc- 

210 

(_)-aL-a^>ll (J5 j.1i (_>^aL-a^)ll t-Uujjjj Pb” (Jj-ail (J-alokll ajjjloll i—alwaj 

210 

^oUs ^ Pb" jAk-a-a A-y.")j.aLl Jill (j-aL-alaVI j . A_ul All JJC- 

_ Jflll aj il ^la uia ^gj| j)laj.al alc-j ^1 A'Vual L^ll.i^j AaL^all Al_j-all j JL^jVI 











^^^lill jSjjjLa^>aJI ala*J sialj ^lasHal jfLaJj 4dl jlill aila jjfLlj 

_3 Pb' 10 (j-a Ajjtdall Lais AjtjoiV Adaidlall dlsllall (_jaL}iil ^.1s~lj.j.i.aH j N ^ _jjll 

. jjxlill jxi Ajjtdall Pb~ jxi 4.*». j Vail jl ^a^aill 

: SI £ni1I 1 -A 

dj_Idll _J3j ^^C-ljuaiVI ^joaall (j^a^st! o^yI& ajg^.1 ^JaLaJI dl3_jll ^3 ^■'1s"ij.ji''i 

<C-Lj_i_a ^3 (jjjjxi]| £-l*dV1 Aj-axxada 4,m..a (jajjlAja asjj Vj 4 ^C-ladVI 

c^U-^yi £,_J-aa, (jjjl_ j 3 AaC-Uadilj a^jAia jl^a. asjJ j/ j 4 jlstll j iaAill ^laj] 

oj (j a jjjS (_Jj 3 j-a L_Ualiall jlg.-s.1l jljisl (-. lyj i^llal . dlaliall ^xaajj 

dll_uiLall (J Jxs (JbdoijU cJjls 3ajs.a ^3 ■daLi. j dls nla'lll j-a aa*J (. jjfLl j 

^C-l*_uiVI ^_ uiaII aj^sl ^lasual jc. lAaLsjl L. isl^ll dl jlaslt jiAl j-a .4.jJa3 ill 

«.\ _laC- (J_si a jla_sail £_dj L_ l.sj Aj jLa jj£j jl (JdsJ ^jill jjialj-all ^3 — 1 

.djiill j-a AdLaaJ ^.^lUajL 

dl alal_ jAj (J a*J dlj.as.xi1l jV 4 al a*JI (. liial (-. is) al a*JL (jaSjall (_Jj^aj (_Jj3 — V 

.(jasjall i__kij j^jJI (_^ajj aaa ala*JI _jjAll Laaic-j Aslls-a 

a_xJjl Ljjdu <1 a j-all j JJJ*Al1 dl^nsja I jjjt-a ala*JI (j^jfLl (jl *-.-lsj— r 

jj_ sjV J ala_sail ,_jAc. dla jjj^aLa ^^Jc. AjsjLaall «.lgujl dijjj Ajljj^-a (J5> 

. _^gdl Aid 4asjL-all (. Igdl a*j al a*JI ^»l asAuJ 

j_dsjfl ^_all (j-a__d AjjUaill Laaic. ill (J-aC. jxi aSloll— £ 

. (jassll a.l^a.1 aju ala*JI ja dljjUa ill ^ jj 


10V 



















(Jji_uU j _a (J si ^1.iVl .xjjLj lil lij (_ 5 -^J_k-all jJ.Wlll (J-aC. j_j-a c£lall— c 

A _ia^lLallj _*JI ^»l.lij_uil ijf\A f\ ja.Wllt (J-aij ^ lilj. dlj*^*»\l ^ LajoijJjl^sJI 


. ^C-Ixjoi'^I Ajal^al 'i^ajjauil! 

^ ic. lA«.lja^.l (J-a'WjV Ajalala ^ajl^aJI ^aaa C ur\ Vjl 4ac-latCu^l AailiJI (_)ala3 — *1 
Cllla-a— l * jjaj d)lc*JI dll^E- lili 0 ajj£i (Jal ^AiHuUj Ajejila dlla^jla j jjL-a-a 

jjjfLi La-lic. dilxulaa aCc- iiwlj .4ac.l*jaiVI AailiJlia (jiUjaVn jlCatJI jjl Cliljbtll 


(_jajVI ^Jajj j)C. .1^.1J _jla £-Uajl ^^Jc. .ilCaJI 

: (jJb {bh«ii2il guLfil 4 >AAmiII OjAA^I jtAl 

JjaJI guLyi - \ 

(JfLaU ^^^.jLiJI (jla^)*jll 'if. jS^j A^aj^ua (jj£a C.uii.,) a j^aJl/l aCA jln-vl ^aa 

\dj)ia_ujj^fLiLalla 1_ ujILo <c.^aJI ^ilfLa JJ _^a jou Aaa-I^ja jl L- n^o ^joiLlo 

_3 A ».ai-v'lall Ax-^aJI jilfLa (_Jc*-a (jalail a j$a*.VI aCA ^Cadiaiij |jSV\h Asf Lui 

j a . 4a« Ha ajl_ a (_£I jl 4j« Hall jl jjlaLa jl l.mjO'J Aatoa-all cl^aJI 


j dl^)aa_udl (ja dilia ^>ai jaa ^jl jia jlfr>H ^alaluaa (jl (_£jj^>jCa}| 

£_£jlj_Ul A _Sla*. ^gi 4j^aLi.j dlVla^JI {_yvt.\ CS^J • AsX^ / d) jLau ^la ^1 A^-Lui 

(_jJ_*aa V jjl l_ >.>J j 4-iilaJI ^-^aJI (Jc*-a aa-l^a] jlg^. JJ 4a*.laJI j_j£a Aac-lajoiVI 

. 4j (_$Aa (_yai\ jlg.>ll ^>Hja 

aj_A (J_aaCaa V jlg.-vll jjli (_^A<JI ^jaij-all jjjSaj 4all*JI ^-^pJI AJL^. 

Cilia jia-o jjl (j-a ^C-^jlla ^ lx 111 j l^)Cuja ^Ja*j IllA j I l^i}_3 dlLalaSII 


^ OA 

















dll jSJ_ uij^jSjLhII 3_a Idu A, 4 "i-v.a dUdU (J-aa«j aJjgjJ ^-laduVI 

A_lialj dLlA-a (> _ s -lc- AjLU 1.1^. A-uLoisJI a^^.VI (_pa*J • dl^iluJI 

_ 3 _JJ <^41 J ^■j 4 'sll AjLi. Ajk-aLi.3 LaLi. £-3^. (Jdfc-a 3-a Idk. 

i 4 c.Uji j 60 — 40 (jAJ 3^.41 ^.. 3 -axjj ^j'ii.ju dc. ^al 3-all 3da«j 

A_ 3 ^^ull J j 44 ' 3-0 Aa^.3ld3l dUaLll ladoV I -laldll 3 uIj 3 a 3g^.VI aAA jjJiLoj 

f.lVujq-1 aJ)g^.VI aAA . 3LVI ^ 4 -aAdd-all Aac.ladoVI 3AU-a-all 3-a Aj^jLo (jjSj 

(J_:sIa A. iaani -41 Ajtdall Al3-ail AuL-all dliuijoil (j£ Adalill Ajc-lat joiVI ^ 3^41 (_3jjLjSJ 

. ^ jLiJI 3-a <_j 3-uVI t3_?^ aj)g^.VI £da-J ■^ c - *■■ ■'AjljV I 

f Y ^ 

Ja_ Jt-a (3 >iLj 3 a 3^-^.V (jfLaJ V AjIa 4 33 pb (jC- glill ^li-lAll d13M 

AildVb Aalal 3 AiiUa dli ldl3 141 3 di-aqua's 3 Lal^. Ajtdil AiiUa 3V Igj (jju-tdll 
. ^^IIa 3A 3n».j 3jUaill aAA Aulc. l. UJ13JJ 3 !41 (jAaa-all 3I ^1 

Aj«_uil t__S_ala 3 jiLj 33 ^3^JI (_)Aat-a 3 -iIj 4 AjaiLaii. L <a dl 3^ 3dalasll ld33ll ^3 333d 

<41 J J3 3A_k^a-all 3-0 Aaatd-a Jl ^Uall JA IaIaLuI £dall 3^k-a-all 3-a Aaatd -all LaLs. 

. ^d-all 3jliill ^ 3J 4 i 3 *-a IVAaj 
Adat-a AjlUa Aic- ^ lad'll 3c- a d^ll 3lg.-s.ll aa .14 C. A-adj ^d-ail i—Loilflll Ajladull 
dl_sUa A_ic- aLs. (JfLd 3-a3ljJJ3 dlsUall 3-a (^la Aic. ea-US IgJ aJjg^VI 3d*-!. 

UJ—^ <J& 83g-?*VI i 4 a-a 3 3jUViH aAA 3-a AC.3S. ^3^-3 3-0 ^C-3iL '33-..^ 3I Adat-a 

^ ^ c ^ 137 • •• 

A_iiatd-ail Labs Ajtdl 4c.3^. (Jdi-a 3 uU 4 A 4 a 3 J 33^^ A 3 ' Cs AiUa 3iiLjal AijSA 
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Am t> 


^o < \ 















jjjl j3 j^^aj Vj dllijjJjoill j LaLi. Ajuoil <■" 1 ». n AlTl-Bc ^jjjJjaill jAi^a/ill 

jljlC-j Lata. Ajtjuil jilaal LaA^.1 ^I'Wl lillil -laa3 .1^.1 j jlg.-yi jjc.I xjuiV1 

A .ilflll A c. jaJI (JjbtkO ^ic. jjjal jail ^-a^kJj tllljjjjjaill jjiljal jjjjaj 

A c. jsJI JjjIj3 jfLaJ -laSS LaLi. AauoiV <—LilS Jj^.j J <-l)Vl^JI j-^aa.j ^^3 jfllj. 

gamma-) ojjaj _^ill j I_ji> 4_uaull ^I.^Vualj dAjjjjjaill j Lala. jc. ajKII 

. ^ jl*-a j^jaj Aic. aJ£1I as. jaJI Jja-a Js. Jj^vll (neutron ratios 

: ii i m»i I I tj *II guLi - V 

tdlj _1 j-aj_ 51 j-a ajiil 4.»„a-v'l.aH A^-jaJ! jjiLi 3 ^1 j^jj^-all jjiajjtjll jjiLiS 

jiaj_jtl jjj _jliLall Jjj3 Jjl*J ,^-aka^jaill (jiaj*jll ^ ja. ^ 

^j_s>. (Ja_uil jjUjlLall allA . (jiaj*jll ajjS Ax.a's.'i^ll AjKII 4c-jaJI (Jj-Nml 

-Sl-iaJI 4 ^lall j^Hall a.3A j-a l^ag.jK jl CllljjjJjaill ji. jl baL?' ^Jiajl 

. TLD j jl J^bl J^ao-a jll J*al jsl jl-lC-j 4 

: ^a^miJI t^i^LJI gtiLy &>A»i -1 

\ gJj l*_kAM (j-a jJ*-a jj j<s (_Jj-kabkJI dljlall jjuaij j^jill <—Laul j£ll i jSjJU 

lalj dlLaOjkuaJ (■_ n>"ua) L jalflll jl bla-aS 4 djlsliall ja (jAa Aic- ^-aiaC. jjiba aa.li£ 
-}*JI djIOikjJ (julsij dll-ix-all allA j . Ix-a LaLi.j Lbj aljLaajotaJ jl Lata. AjuoiV jl ia3 

jl Bq/cm“ (J ba 4ijj*-a d)l.lakj aa.ljall (Jjjajj lAjJ*j (JjJaaj j^lj j 

. Bq/ gm 


n- 









.« ( ^Jc- Ijxjjla AjlLlaII jl^j^ill (jC- ^ulill djjfcll (_)jjLiii ^3 dAj^jxjk^all (_ja*J .A^.jJ 

ClAj^j*_i-all j)_a . aJjj lo (_JfLaU l^C-jjJ Aj ^jLall (Jl^jVI J A-lL^all 


(jjlj_ii.1 ( _ s _1c. l^jj^a i- sl'i's.'i ^ Ltd'll i"an ^lill Jl _j-all (j<s jjli (j^y^VI 

aj_& j)_ SAj lill CllLaUj.i's l" u. n La a-ilc- NOTM l w.ula A*juLall j j^ill (j! .a-iLoll 

l^ya _^aU (_yaj_*-all ^.luall aJL^. (■_ \ uuj l_LoiI£]| ^Jl (J^»-a_j]| Ig.'^A j V dlLaiuiaJI 

Aj«_Llj tiy CllLaUj.i's l" aii l^jli ^jjj^jll ( _ s ic- (_5j!Lvj ( _ s all A, ixnlall AjuLball J)lj-all. 

(_yvt.\ jjSlj AjjL^JI Cl)l-i*-all (_Jj3 jps j^A jJ tilJ dlLaJjoti. (jl jya ^C.^)1 Ijj . LaLi. 

1_gjli LaLi. Ajtdl Lai . A-Uulla A_uiLaia. <-_kjoil^l.'l-s.'u.ulj Ig.'lC. L_kjai£ll j)fLaJ j)Ll^.VI 

aj ojS a j g^VI lg.l>j»j.n ^jill Ayc-Ltd^l Asil-vll jjfllj *^Lall ^ySI (_^-i-a djlj 

dlLaij.a'vl L iLil j£ u Jc. j_£ j1\’i ^^allj ^aJajodl dl^jlill a j^^.1 . (_jjiLia]| A3J j^a (Jlajj 

j)_fllj t ^ic. l w.) iJ-a A*juLall jl_j-a]| jya AiLsj Ajiila (jjLiS lg.l^.a i lilj jl tlij 

aj_A Jj _ ^.j (jU cdljl LaL^. AjljoiY A-mlm - ^ (jj^J tiy ullljll^c. ^Lia,.a jjl jA A,KLi,aH 

j_JJjU l. 1-s.j Aj| ^Jc. Urs AjC-jVI (_j^l^ jya 1 ^jL«_uIj ^LuoiVI 

l w.u3a Ajuauill ^l_j-aJI ^g3 aJ^^.^all j lilj dLaua's joaJ (jl Ig.'l^a 1 l" h\j liy L_kdl_j£ 

. 4jI^Jj jl ^ jJ^I^)]| iS (_^L1I 

Ajt _Luill j! j _aU ^C-LtaluVI -jalLi'll! (_)jjLial lilj CllLaajotaJ dj^iill L i/Iil 

(J _ : lls 4jC.l*joiyi A lil-vll ^tll (J^*-a jjSj tdlLl LaLs. AjtdV (■_ l)-s."ua'l V lw.n)-a 

(jjjLjal Ig.jlc- JlLauc-VI L/j ^Sajl£j-all l iLH AjJa^)C. i—Lil jSlI sLa jj£l j t 1^. 



(_£A_list's.ill _1c. (_£j_a^a Aaia^)ll Alkali (jli (JLSj ^IxYuVI (j-aLaa ^all J < — J _jllll 

. lx. taV I (jlaxa (j-~aLa1 


J_ic. AaU-all AjuuLall tlllfuijall (jc. i-_Llflll lg.'l^,aj3 LiaJ CaLaajoiaJ tiljlall <-_Lal jS Lai 

(jaal tliLaajoiaJI a La (jV tdlLj . Aac. jLU j^^II-IaII ^.Jamll <-_kjoil£ll (J_jA-aj AajlfLal 

j) C- t. Wli^ll ILla i AaAaAaJI Aac.jLM j t_aaalaLM j)l jAa. (jljlkl ( _ 5 ic- ajAall IgaAl 

(_£a!I ^ta-vll ^^^a-jlHll ^.J-ijaill A_ja._ja tll^jlall (jl j^^axa Ia^ 3 ale-_jll jLi. til_jlall 

tllLaUj.i’s ^j-aL^allaV tdllj ^a»Jajaill tl)_jlall (jalaal Aaj3A __)ac. tllLuilaijll aAA t (j-rvaj 
(_)jiLi 3 (jli tlNLJI ti Jb ^ a3 l ^3 (j^lj ‘ AjcjLuiII Aljaill (_£j"i\'i ^all aALall ^cAjui'i ^^3 lill 
^Ix-lVI j)-a jjaLalxJI Aal3_jl jaalAa Alaal ^1 A^Lail Aaa. __)jlja ^.1-ax, ) lill tllLa Ujj'n 

j)_C. lix. nla Axilall Al ^all ^3 laaj tllLaaj-aaJ Ai-ali. L_Lal Aa. ja . jjlaLlall ilia ^3 

^_3 aIaxJI Aac.jVI _$l t_j^aNI cJiIa ^gJI (Probe) t 'siL^ll (JLiAj jja^la 

lg-al A-yu J jjfLaa lll_jlall t <Ujj|j£ jl Lala. AxjlIV Ac.^)aJI (jAx-a L_kjllj£ Lai .^jlill 
till Ax-all j aUlLall ^3 NORM l lx.) i)-a Axilall Alkali ^x.laVi jjC. t sl^ll 

= s\$a\ j <uuui j|£*u 441*11 44s -1 

aAl_c-V A_■N.jVi jl _^aJt ^3 ajLliN A-saYi al_jgJI j^i tli^jlall (_jaLil a j^a.1 ^AiHi 

til_jla (J-Axau Al ^all t. l^.j.a .1 aj^a-LM a AA ^ jki ( Aajlall ^ j Jamil j)-a «.| j^JI ^3 Ailxa 

(_^Aa_xa i 1_all tliLaajoiaJ Aac-lall a.lj^ll ^jlljc. (jc. i_alfHI ^_yajxl ^lu^>-a (JLLi. (ja 

^)jA_aa a.I_la^jj ^-l^)-all ^ic- Ax-lall aIjaII (jc. i_ajl^ll (_jJc- ajAalt t all j^ll 

.Aaax-a A-aa3 tlijlall (_^Axa aJL^. ^ ^ 

: i+iZil £l^l V ■ A 



(Jaj c^tiNI dlllac. ^3 j^Iillj p la,>aVI i—kjiil_j£ ^j-a a^joiS ^-l^il -djJ 

rc_ uiaII (j_a ^ I j_il divlj jJj . l^ia (j-aldill jl Ajtdall j| ^all Ci3^ J J 

: ^-a ^UaiV' 

9 

: (Task monitoring) - I 

£_a ^jj—iaJO (jjJ_111 jl ^-ajJ (J^d Ajuauill j-iL^a-all (jjia.’lVua; (_jjilll ^j_jla1jtll 

^ uiaII (j a ^ j ill I j & ^Jj QjaAl'N.j NORM A.ja.j J-all Ajtdall jl _j-all j-ldaaa 

joilj£ ^lidj_uiV l-i_a^. (jaaj-la jjalalc. (_£Jj^)jd]| (_j-a lillil . ^C-lxoaVI 

bj ^_all dal, il-axll Aj-aldj Ig.jlc. (jjL^rv; ^^all dLuilaSlI judij ^ladVI 

: cdli ^Ic. Alla^l (j-aj l^a3 ^)ialda J J^-J 
(_Jj3 ^jouliLa dljli (Jld'vV (NORM) l w. n3*a Axdall jl_j-all £-a (jalalatll r~ l 

. ^C-ladVI dljiill All jl l^a3 ^!ia ^^all Ailalall dijjlda 
. dl jUJI jl (Jal^joJI Jalii ^3 (_JJ^I^)1I jlc- (_g_j"uaa (_)ala3 — X 

: (Routine monitoring) I <jrfUk«i 5 JI (H) 


(Jdvl ^^all (J-ajtll ^3lj-al ^^C-Ud’yi ^-uaalla £3j-all ^3 AaC-laduyi Aalii^ll iaalda j»j3a 
o^jlaajaill J^ailaia .ll.W'll A.ag.a (jj£a dLuilaall a3A ( ^J-aVlai (JfLd dlc-ladl j3jdi q \ 
<^3 J-ad"i dUalaall a3A Aalkl-ill j Aa^.jldll Ji*-a ^laS (J^d l>° dal^juNIj 

• d° ® Jr& dlxLauol 

: ^jaaall a3A ^^Ic. AjaaVI AaC-ladNI Aa^.lall jj-a (J-aJtll AjLi. ^dajal 

j|_j-all l^a3 ^Sl^jj (- _j-lll dLuUall ^3 (Jjjyaall (RPO) AaC-ladVI Aalij^jll Jaalda 
JjlalLall Aic- ^^.jldll (_)ia^)*all (J-da ^jSa (NORM) A. w. jjJ-ill Ajtdall 
(J_ji.^llj (jaljdall ^j-al's.j.iiVIj (_l<a*JI (^^Id idj ( ^l_j-all a^A l^a3 ^<\ii ^all 

. (JjlalLall a^A 



ClljLj ^ jJ-amll Cl)AjliiJajLiCa ^ ^jk) ^C-lxoIuVl Cll^iill aJI j)j AJU> ^3 Y 

. a-ll^-a Ajllala ^3 c.1 Jjll jC. 

: (Special monitoring) gnlaJI gMtil (g > 

_JiU aj j]a"u a^^.1 ^l.~|-s.'uJ ^Ic. ajJiall Aj (_)Aj-a ^nA. Aj ^j3j (_)-aljlJI ^jojall 

.L_ul_i-a jt j_3 (J_jli alA l_)Lui^. AjjlfLajj a,'iq»„all dlLuljaJI (J)lv'lj 

^_ uiaII i j) I j_aJI j t Clilj_ ljsjjII i diLoiLiall l^a3 ^cjJa jj (jc. 3aav i 

(j_C. ^->g. j.j!i y 131 a.liil AuAS^I AlaLjJI ^_ya (jjjJilLall UjTlS<all Aj ^j3J (jl jjfLaJ (J^aLkJI 

. Aac-btCu^ AjIS^I l_u]LuiI 

jJLall 

jUtllj iaiill A^-l*u^» ^3 A. w. yJ-all Ajtjouill jlj-all (_£ ^y^al) .\m.nj .l-av-a 

Al-Masri, M. S., Ali, A. F., Kito, M. and Kawash, A., Determination of Naturally 
Occurring Radionuclides in Scales Produced in Oil Industry, AECS-PRARSS 186, April, 
1997. 

Atomic Energy Commission of Syria (AECS), Evaluation of Radiation Levels at Various 
Oil Fields Locations in Der Ezzor Area, Technical Reports, July 1997. 



 

■OIajIi jt j~.u.i «l l opJI ,^1 • jjl^lll IjjjSj Jj^j <jt L»S . <il^» jjJlII 

. » J ~ . «■> I I -A*j (jJJI tlljij fjie. JiiiS lli-Jijj 


Cloriridfaun u“ '*r * 

i<j^I jiV < ^1 jo- iiiiiiJ 4ia.jj 1 a 1 Ljtaft 1 bjlSLJI »ll 

, cAjji-iJ Jlffc aJI l |‘» *J < ObaijjjU Jltaall LfXa 

ujc.j* jji. jjj 1 Uai Jali L f jjjjj i obpjjfll < il-> *11 jjVI 

ilfLal (jjlklj 1 jjj£>U1 jlm Jlab * llr> »H L»1 . LfJii 

<jt <-?-j»it < OjSiJI cJjliJI uj2b jIj . (COj , Ha) bl jlij 


. ljif lt 1 . » . »■<»>* • ^lal j^l} *jXJ»Jl *jjjo^j < giljJl jLiil 

. i^jjVl j « jjj^fJl .4 * mi l j < viijjJI 1 a^Lt jj-of J 





\ vr 


Milk grades 3 . a ill 

.lr»a*fc Jjlj • < uil C. Altaic. A «_'l | j (jl , JjiaJI (jjJjl l~j* -"j 

lj>aL« * I ■ jl a » J 1 *-^1JJ fjd» *-lj * S.w.->., Keeping quality 

*>*•< u-^ IjjjiJI (> Ajll «J1 Joe.VI .i^Vij < « ij-* II 

* JL*Ia.lj . Jjl JuJI j grlaj^M 

jjSVI (J-Aj < , 3 -lULi SjjA^aJI LjoSjJI JO£ jJSj 

( Breed Cm^uu jl i jujjSjJIj jhiI tall axil Ui jl , Lc^lui 

« 1 j tl > > ' » l l <3jjl Jaii * Jl jUk^M OljLuik.^-i jt i (jAaLaJI (jj^a A f Jjt 
Juj * « Rratturin J « u^' ^1 JjjVI 3- 

‘ (^Jjj^l (j-lj < ( J - ? «»*'>.>I I (j-IJ • 3jjVI 3a i Jl ji^^L Lfjajj-la iia-oJI 3^J 

. 3>UI ^1 

(jiUI ^ .nHj 1 qjIIL frjuLjj^ull jjt ^ltj 

3 a LJUk. < Jl^a-VI jaa.jjl • 3^ U>^ cJ ‘ (f-V JjJ^) C»1—a.jJ 

. Aauo^aJI oLjj^^>H 


lhJJi cj-».jj • f—v j ji —> 


0^1 J - / •*■** 

. 3J J* /l iS&tU W 

6* J- 

i-K^I 

OfiA 

fliJI 3JJI 

\ • 

| UjJ* 

f. .... 

0* . » » • 

JkiVl (jja# 

T* *.•. * 

\ ........ 

1 

u 














\ vr 




tjjlfl *Jj_a. jlj3 J--J j*J1 (jaj 


(j|Ua*jLijltu'YI j j.J .mVlIK < uIjLaaII l> jjaiJI 

*. il | ~ II l oL^aII jl < C.L.I j_>fkJI ^^Lc. fjji i ' j < ij_* ".* * jjj^l j 

(jl jj* II (jilll < CiIjLajJI t>u 1 ~1 j jjijj < 

(j-» t>iAj * t * o jisl) jaiHa ol 6>ii j j,. ,>jj . j^JluJI 

1 iii’ir >.ic.ljL» i »mj < (jl*1 i jolmluJI <JL» (j-i l'JLLj i jJ J-» j jiLuiJ! 

t>ii <jl t' .il^ t jiaJlj > Sj i * 1 1 (jUIVI icl ' i m Jaill lili ^l^luu 

CiIaJluJI ^ r l'i.y> I 4,a.l ; fcl.iiall LjtSxll J44 ■ ■*«1J .^..11 

. <aaai!l 

i 11 « »II C>L*I jjaJI (jj» 0^bJl (jail I |tlda>lnil ^.Uj ^ hi*i_i 4a^_S > i‘l 1>1 

. (jl H *'»* •«■ jixX «Ua£.| .1 jlj < ^Lal V JjL-fc. , .~.l.i l ,A.I I i 

*<a_i jai. < tjailLi oLLAaJI J^a.j uij < <J-Lj (j-11 

CiViLii jj Oj lS j L>j r <*l 11 IkiaIJ ijml ma (jj i (j,1.111 illL ^ “-“j LaI 

CjI jLaaII A A Aa A I * m 

5jL*S > OljL^cxaJI JLxJlLui] < JjjJI (ja l_^aaS (j^-i < l.lf 1 j 

• (j-i *-tAaU». 

iZ»l*ll *JiaII (jc. i m 11 * jl a i a^ l < (jV 1 ^ ^ a ^,jjVj 

S. Ihennophilus LijaSa * >■■<! ■■■- > -"■« ■ , J-s—ll • 6-UW 

. II (jl jLaaII 

i LjiSiJI >‘l h (jj* i l ft.uj itjjAj rjilJI < jLlk^l 
ul jLAa <Jlax jjJ j , 4jL}j i 0 S,1jJ jj_* ~ 11 |kj i jjjjjljjjll Jail 

iQuiall jjil jl jai.1 iixi.~fc._i jU < jl> o>^fl j m jjij l ja a j ■ jjli 

. J i » ^-fc~il l SjaJ JjL_jfc 

fj-i 4 xl^lxujl < Ol U, .. l l ^jlja ji i jjLJVI tii j-lj 
(ja u^tlil yjLj > 4aJ# U)Cja _>aC. < LfJ 4-1 l~fc all ulat.lillj i <i!uill 

• uW^"^ J-*l—(_c® > iajaJlj Jj^JI 





\ VI 


J‘if t AXuUI dljLJI ^jl^j 1 ,‘' 1 ^" LUaj A a , i*l I. il 

Aj,~vA -V^il l_iLJVt .~1 ~ -*J - J1 .«* ,..J , J.Ai AII 1 fl H J , LfJjljjj 

.CiljjlJl J^U_. ^Jl Ji*.! jll , *.1 tjj* oLjfcLiJI ja -» I i Fiber glass 


Ci4ij5^« ir Lc. ijljjaJt oljfjJ 

. 4 ih^ » ClLa-l ._i~t~k[ Cil j r ^jJJIj AaJ U ~JI l~iI ij j^i^1 1 

1 *j < ujl jaJI ^.*' i> '’‘-".‘ ^fjJI < <._i.-v.a 1I 1 4~- -a 

^jlt J_^UU (_f jJI > ^JuijIaJ! a jl j-i 11 u^ijl 

^ If 1 aCiLa-jJ ^ I f j »'< 11 ^ita*iiuj <iua. * A a.fl*i_^«JI a l_x=vaJ) 

. aj~ m i ll >iij u*it»j < ajl j -v 11 ^j l a j< 1 1 1 fl V»j i ^ "\ 0 

■ jU-lall j i > 1H < (jjJl <2 j 1 j j»~>ll (jLfl i dXi l 

<ZiLa.jJ a ^ I ^IIL. <.1bji aII *_ij_paJl (jic. <_k3jZu < <■ j < 

* £jlli 1 A<\‘if lr>A ~ 1-_1 (jjJI aA*JI (JjJaj 1 ajlA^a. J^S . Sjl 

^LjJI H (jpie- <_r^Wj * ^ a j * £>* 

a -».~*< * 11 l_ij"X_<ll 1~1 ■*'< <_g.fl t i a .A« Vi aII <~il -> jj .l ie 

, a.IL-1^11 LjjIjJI IbAVij * (joL iv ^U 


IjjjlJi I" “■'<* i aIvuijIaII >jl^. t> 11 

j A 11-a all LjjIaII U 1 * Vi Jajj 



0^*3 i (j* 1H jjic Jie. jt < A^iUJl a_jlJ-aJt <IiL v jJ LT®>5 “ 

jjjJl LjjjSLJI ^Jjlj_^ ^A.liJ I (jxal— A -vVia 1 1 LjjjijJI 

• J-AAA 



\ VO 


rlf j j - u4WI 


^UJI ^jjJL SjjLJI L» r>^ >11 ,^-Lc. 4_k-fcA-A.il k Ji oL^^j jjib I 1 —V Jj-t ^ 


6^W 

uLjjIjaJ) Jkl^l jJuil 

■ fck^ II SjIja. 4a.jJ I 

6 I 

f 

Alcaligencs , 

jljLtVI lf i * fF Lu —ii-ij 

i - \ 1 

Flavobacterium , 

. or-J^' r’- 

1 

Pseudomonas 

iiu 4 aoujJI SjL»j 4-uLjl-j 


(j-* 

J_J ^ * -V 


r 


<xxjJ) AjuLJI l—J_p£jJl 

JILifc jihir.Vl uuklft 

> • - i 1 


. w —ijii f L-> 

iP <—•±>- Sj| —ij 


' OJ—k : lijJ-a. £_• 

a\a _ tl 


^ JuL^. jt'v* « 4^Iftl 3 m 

jkl_>1 ^ • “V jji _i. Sj^s 



























ojjLuJI ^1 jJ oLjjSoaJI jajuJI 

(jilL Jftij 


<> t*-"jl 

ci _C.L- Jil-i. 



■»! "v t ij • fr i^i j ■ •* 

^jll'ua S | (Jl)- jjSNJI 

SjI _y*. CiL^jj ^^ic. >vJI 

: J_i-. 3 — 

$. faecalis , 

S. thennophilus 
L. bulgaricus, 

L. thennophilus 



-Si ^ t \ —^ji 

ol_ ^Lk 


iSt (X* t'-"jl 

cl jy ^ 



























i vv 




±JLf (jjifl LgJ (JOJ-JUJ Jjifl t~»l 

Cooling ^__» j ; ~H 

U^Laj^ I ^ ^ 4 “i ^JJ 6 j li ll i a ^llll J^JlJ 4 L 01 ~4 II i-±AC‘ 

JllC > <Ca-jjJI A JJk jjic. *JpjLn-<Jl i-LXjj 1 <j a.'j-t. j -It CjLi 1 - I I j M <- j 

• ^jiuaJI jl ■ dM^u^J * jjj^ ~ij , 4jj! JGj < q »1H J»'i 


Pasteurization 


ulJ I 


l _ r Lc JksLaG Lp'if < a t.4.1 - iall (jjJJI Jma o 4 ‘ S_jZLauJI ji*nj 

_>sjj _jjjlj jjjj Vj ■ 111 imij oi,*»j»iiu.j 1 ^ 1 djjit 

• “ Ji ^ - o jl « 4-*xJo !ji 

i^in~fc < tjLj 1 ». II (j-* S 4 o^_jaJ (jJJI ^jj -1 gUJ I »j~ .i/^ II jkjjj 

■ till) ga/Ai*>Jj 1 <Lj AjaJI L»jj5LJI 1 — V If. c 1 .An 1 1 

O-* (jGjI i A j ,Xj - II t ~j| .j j*v_' -II J£ J / a.l./lB A,II l,_licT if a l A a I I 

1 Ou^aJLfcJI jjr ^ j ~ 1 1 n 1 1 .v . 4 . 1 1 d .< 1 11 k_jj^5uj 11 ‘111 

ajl j a. i. A.Aji' i l~i j /.*tt-k 1 Sjl^.-i-ll _ a - i .j >111 ■ SJj -II 

. JILSj ^ • S^J , r 0, u ,\ 


^jiuuJI 1 Con el la burnetii *1 - •■■-II Luu^j^JI J < Ij^' laa.j I Jij 
aoji j . jjaUI 3a^i> <jc LaJ JflVG « Query fever (Q-fever) 

JujC. Ci^/ij i.tixshn < <J-ull 1 JJ~ ^(j-a ajl^aJJ i_»jo 5 *l I _■ II 

,v , <\,U .11 Ai±.U* ciic. did . iilaj r» S^J r 0,- U ,v 

. UJo r* sxJ r °^T f A . UdSj r* sjuJ 

S i*il n i ftj i iMjll 

i Low Temperature Holding Method, LTHM 4_ GjJ&JI 

. tailj V* IiIaJ ^ Y , A ta/jj (_fio i (jdll Jalju l ^ * j 

< High Temperature Short Time Method, HTST * »jj .-.II X j~ .,. '1 1 j 

. Ojlj ^ 0 a.l -1 ^ V> ,V ta/jj |jie i jjiill Jalau Ifjij 





\YA 


{ 0 *-^-J^ LfJ| O^l ‘ ^A 1 ** . ^ V * C 

l^i±l uJI A^. jjJI AJjb u If >A»I * a »jj < ^ Liioj A a a« ^ 

(-JL3AJJ . a JLmJ\ Ajla Ciaj jjjil oLj^JI JaLubU L4A1 ■-<_■ ~>- < (^O) 
ji i jl i JLfcjJI (j*M i Ajh AjLc.] (j* j lml > 1 1 ^illl ^jJjC. A Ua t -v ^I I 

. ^LAJI 

A « 

tr lt Jo^i-3-JI • j~L.ii, 1 *II jJJ *■» ■"« -M CiLj^Lull * a t 1>J 

. a JjjjII A . — -II l j j~X.l l I AjIja. 

Thermodiuics a jl jaJJ OjIXaJI UjISjJI < a j~i ..ij 11 Jju ° jIj 

. ijJj aji * II LjllJlj i OujjJI A jl j ■> H a i -> <■II Ijj’X . II j 

a j~i m Jl Jjlj a ,u~i < LjlSLJI £ I jj! 4 _£lJ 

1- Thciraoduric lactics, e.g. 

S. cremoris, S. faecalis , S. (hemophilus 

L. bulgarieus, L. thermophilus 

2- Thermoduric micrococci, e.g. 

M. lutcus , M. varians 

3- Microbacterium lacticum 

4~ Sporeformera , e.g. Bacillus, Clostridium 

Phosphatase test j-J Li-u> >*JI j|— rf z±.j 

, A -y ^.~ lV I o* J*£ fLaJI 0*111 , jpU-LUjiH fjjj] 

jLila.] dLLll . Sj l .u J L. > A h * AJ|V < j hi ii > II o*Lll jAj 

(j-A 0*111 jlLj < a jj u u * 3I A j 1 a C . a«.L«X J* J A*^ < j j~i l a h jjaII 

. (V -V Jliii) ciLjoSoaII 


AjLa ^yll « a jLila.} jlj-*ll 0*111 (j-A Aja. i^lL oJ « jl 1 1 \ *j I e.ljja.^1 
ol j^j o* fJo*- * CjLi-ujji JAM fjAj"* ifl J er* i—_pLL^uji 

A^a.jJ ^ If JojA-iJ! (j^-1'A.JJ . ijjLS I Jj^o £-• N«2 B4 O7 - IOH2O ^jaJj^aII 

. ii-i3J ^ 0 AjJ i * 



jl-- uMi 1 


\Y* 

jjjjjj i *.j~l • -»j • It a jLaJI ^JJ -x . j o^J < 1 jj j j'y I (jLS Ijl 

* Lit ■ all i j 11 J 4 uliL4«jjJI L j.U 

Di sodium phenyl phosphate + Phosphatase --> Sodium Phosphate + Phenol 

(Substrate) <> 



tAu) A w ‘-"j*11 Li ^jic. i ^ * AT ti^ ^lc CjljIiJ fjiUI ijLiu * X — Y ili 
fajjyi • «!*■ £yk £ j—1 (jj'iSiJI Cjj_* CxJ^i 1 ^ <jl Ja—iV 




L VA " -! 1 jA* 1 


^ A* 


< 2,6 di chloro quinooe chloro imidc, CQC J^Iaj t jj3uUil H ^ 

(jjJ (jj^j Ijp . lUlLu tj-a l » 5 » Cu SO4 u'LiJ -fc'JI uILjj^ J^a.j 

4 , ^i J Jj ■ Bndo phenol 0 -* 

jjjVI <>aud iki ^oil « j j , a J. L i»i II a j 1 »f a*Ll£ ^ic ^^.Lc. Jjj JLUL, 

jjljjl £-a 1 l^jlf | J■<->-»*! *1 1 Aj*.jJ AjjLi-aJ , t J^-k ^ A_LbJ j_t 

> >iiLl 

0$— 

1 a j ~ i .uJI Ji) jjJJI yi 4 ajlx. 

. ii^LJl aL-a-llj < <Lj ««->»11 j < 1 o*Sl c *^1 j jVI 

uV « 1 *jjj-aJW u^W Lajj^j 

, «_i}l—cVlj t ^IjiM J-* 6^1* tr* tr*"A>ll LAjj**m* 
3jULi 4 Sj inJ L ( jj__J^iJI 

. i*iilL*i I) Jii>l II ( jj JjLuII 4 aLj-a B i A1 i*> a 11 

. *j“ -4*4 II a pli^ ^.IC. I j~> .M > a II (^aIILj L y^ 1 J ^-llj 

< jjjLa rti^kJI aljJ 3 k.^j 1 aJ~ .i.,1 II a*Li£ La < ajl_C (jSJj 

j“l a -ji 11 jLoikl (jLS I j[j . < ^ jlv» *-C J^4J Aj^ .ill 

^£. Jjj . t^xLlI 1 Lijjij ui-® » LJLuj 

fLal^l (j-a jt I a j. j -v S/l (j-a . a j T uii . ill A»_j 

J ^ja.j (jl jjJl ■ AjLaV^J Idi . iiJ a jj£ iiLal (j-a jl 1 ijlja'illj 

Jjf CltjJJLJ >*!■>->j 4 (jt^.11 LfcLlaol Jj_ajl < (jt 11* jj-fi LyC. 

■ ul)\ —C- 1 A^jl^llj 1 f. » .l n ll (J-S < Lfji 


Sterilization t>*JW f- -> 3 «? 

1 ^JuloJI l^)_>i~> 4 (jjJJLj aJj^L-J-aJl A^MJ -T > *t a l l OLj^Li-a_11 uiml 

I Ajj 1 1 I I uLLiaJI jji a.UVr JSI >»« < .»a«uj La < 1 ij^jaIIj < A^A^_kxllj 

. LjLi-j ' -_*««“ ■ (jjJJl fiisll ^.Vt a 11 U L 1 i‘l IM 

4 jjjJJt 1 |J a (_H »J ^^jJI < (jjJJl Iria -a Cj^LaLa_a (j-a 1 ^. j a » - ~J l j paj j 

I A JJ .A A- II CiLjjj^j A,11 ^JS (j^ J jn 1 \ ill 1 j Li*J I J>-a a 
i fliL ajjLoJi! I fjjl jjJI (_ p * .»* > . » U^“ ulj « '> - "> *II LjoSjJI 

.B. coagulans , B. stearothenuophilufi JL» < AjjLxJI jjjjAllI <j-alJI 



<3*1* -1—1 • <3*1* ~ <jL*W 


jill |>j«(jljLLu u_^ 

»ajJj Y * ■ ^ * CjH SjlaJ i ^ ^ V * * ^ " c&jj ^ 1* aIaLuJI *\ 

.Aj\i» *11 <_lLlJI jt LajJLS < <uh^3j ■-■!j ( jjk 2 \..~H ^iLljj 

. Sterilized milk qJ . gilill 31 Ljj 


^ o - Y (joj j-S jlJ i ^ > 0* - ^Yo A^a.jj jj-ic i L»l * <J1 -Y 
Jilojj . il*LS <-ijj—io jj (jjJi < Alia*lLll J—a! dJjj 

gj—-AJ jV' Sj— 6j! J-a. C.I-a.jjj Jal—Lt ,jJ r gjl-ill 

. Ultr* High Temperature milk (UHT milk) 

• 

i ijljJI jjjlll i AjjIjJlJI a- *yi , * »« -II >III JaLxj 
A lr> tt~v Zam (jl l_*£ < A U ■ >11 UAa Jlj^aaILa JakaJi Aal,-v.il ' * A'if 

. A-fljjJI ojlja AajJ ^lc < jjj *< tAlJ Juu > jIxuaII (jjJJI 6“» JjA^A Jjlol 


6juJ f YY A aj J 5-> f j a i * J I i(L_A^ jjlauj 

pH XjLjj f«A—£j . flj V SaJ ^ 08 A—a.jJ < _ r lt aa" > i ij . 1 ajj ^ t 
.^_ia»*JI Z+llS jjix. Jjj > pH Aa-jJ * ,Y j^SLa < (jj~ It . )»j < OjjJI 


. IfLLhjj >»j ct-ll « 6 ^Lj jLniJI 

< jl mi It <hj.A^ < _J juu Lu < Lfj ^jAJ jjjJI Jj* a^Ji ■*■! jl -<* ^ 

. A a haJl t jiUku 

Souring ; - A j ■— 

L|jlf. 1 aj-Aj < X* f Y ” * ^ ^il^a < Aijla JlkC A^aj^a £_Lu 
jjlSMJI jim Jj a j I^jiaIj < 5.A_t.tr Cif j 1%*! (jjJJLj uJajj . tiljJLx jatla 
• <>■ 4 * ^~ |Z * -* < <. * l jl^ y (j-ou»l_a. yJJ 

aJjjlII SjI j -a. A-a.jJ jj-L. < A Jula. .1 j u (jjUl tllj- jL» !j^— a 

La< j-» j-»33 i A_iAjjkaJJ A^xouJI L*j35LJl jjJJ < ( Y-V JSL4 ) 

a. I I ^ * ?~J J ■ ‘iljjS’tf a^-*f—a- jj— jS^UI j £Lu Jj-ajj . J^uoJ 



\ AY 





jjJLe. j»LiJI ^^lil Ojitiil »Ua.VI jIjl! j -1 ^ _i ii ~J l ■ T—V JLui 

^4^J1 ^4 5 ji U 1 (tjl 

, UjjJl Uj^ ^Li. V i)) S-ltjj -lo—^.V 

■*- J t f'jM—xikl ^oii i j!Lu i *-t_ . v J 

,\ iji5LH jLkJj jjjIjjJI £^~ y~ j < iiLfiSMil 


jA «l *fcS Xj*Ai-») /* 

A J -v II jiaall t II 


J\ ex** 


_a_ij < Curdle 

•M - t # *\ 


J*" u» < L— —taw 

jjjJUl ">_» ft i (tfljSS? 
pH Si£. Acid coagulation 


Vjl IwUJ . (o-V Jj .1- > ) oaULj JJ— Soj < _iUf . 

J 0 ^* * j^°-* j£ t t .» i ^.**1 ( S. Uctu 

<- yaJA$ 5L* >. y.\ ,- J-»J ijj-*- 

<JLJ1 J~v£ Jjl fcljiSl jiliil ^ • (*,T pH ^SV 

.jMI j\ , XT,- (jJl j—3 ^ia. jl jjjJ > Lactobacillus 







SjL* m 1) 


jjijj i j^i^^UI , jSow > i jilt 4 — jC jl 

iJM_cVij 


(J^l_43.V Jj jSyJl 

41U* LjjjSj ^jIj I 

jjjj^jll l injl 



u-*U 


,U J] jj-^S5UI J_ 

jj_ll 0jljjj < »*1 jiSV i>l_uV1 i 4— jj ..ill 

aLoJI I 4__jJiAjJI 

c-ij-Ul 


jjiaiLjl GLjjI^JI kil 


Streptococcus, e.g. 

S. lactis, S. cremcris 


Micrococcus, e.g v 
M. Iuteus , M. varians 
J—* -> . ~~ i LjjSu 

AjltiuJI 


Colifonns, e.g. 

E. coli 

Enterobacter 

aerogenes 

A ^lajK Ljjij 


I Lt\ . I 


^ So_—Sri < Microbactaium 

mixed l ...~. B lacticum 

^* AO—A* 6jl^ 

JjUj S * 6J-J 


_J 0_jljij < ul—jjSV 


*- 


Lactobacillus 
JL» j «"i H 

L. casei, L. plantarum 
Jl* j «> *i II Ljlv L^lij 

L. brevis , L. fennenti 





























\Al 


Jt «x»t J jj>L < a \ 1 in a «j . lj « dLiiiUI ^<uL^. Ijj *^ ■ 

£-^6 (JMjsS^U < A-fl ^ j k£> 5 jla. l-pM * (jjJjlH Ljj^ 1 U . jjSi^J uil 

• Cjt jH AjjH Lfj _>4-Iaj L*Si , u i_ > AJ! JL^jjl 

■la Aflj I jol A-g^U A g*‘l*ll LjliJi Jot A'l l—O-lLj i l ,- pH ■* *«f 
(jrtol.nk jlilu-a- « ^IruuJl ^lc t Aglit-uii It j* l I I 

1 tajjjj AA^uJI 'l?*i 1 < LfJ ^jlj£ j.lin»S A .A» II ^Lko.^lj dLliiUI 
i La! jjt i (jjij a tl~> oil LjjiJI JoLAitJ < <_i~“« LiLilijj < 11 it t 

• 1 <jj*iJ 

l_liti Jli t-JU ill! < jxuigjl (jjJJL l.l It f AiO^40. AiojV 
<■ j~i .IM all (jjJJlj <- * > A-> j <j£lj . A— H A gYi aII j^jllS^UI .nl 6 J> a.\ nil 

<dyj_>fl! A tig al l Lj^ISjJIj ( l j Vi 11 ^Ju fJ . ((j-agjjj) >La. 

. It AgJ lit Au (jj-ULj A j«m oil a H A U ...1 


Sweet curdling >L»JI 

. Renin - like engyme _>JI a^Aj Loj^j! < LjiSLJl ^l^l , j^ju jjj£ 

, jj~XM II ^1^*1 AjLAjLSIjig SjjiO < (jjjLSLtl ^i . uj-i 

(^.^..ijLtt Axigj fl . <s S f_yj j.iig a ^Liujj AjJ—a t-Aul tjjJjJ 

• <_r^>*V' 6^?^W 

j^llt OjgiaJJ ^ ..A * J ig" * t o . i >1 11 11* La Sj1_£.j 

I A 1 ‘J ‘ltl A t*ij g JJ*’| 11 (Jjb l »t j ^5kljg £-» < PeptOIlLtadOD uuj^J 

• (Jj-Ll! (_f-i !>o I «» lr> i n ni*i (jjJi 

jL»u-aJ) 11* (j£ UIj j-u nJI oil ^-*1 

Bacillus , Pseudomonas , Streptococcus liqueftriens 


^*Ulj aj — U1 j—^Jj 


(j(pJjlSJl SjLa i SjImeJJ ^tuii JjLJI 4 (jd^J^fl iJxUl (j^l £AjJ 

5jL» ^*j < Jjlj^aJI A 1 «j , tl^iAaJI lIAjLjjJI^j < ^Lil A-t 1 L> 

. t dt« l *j I il)^J • tl>^1 •’I^L.a 



\ A« 




* ■ Vj -w. jA£j 4 4 «jlfi‘l JJ£ (jSLoi yj < aJLj^jJq AlJ Jlill djj il'lf j 

■ c jxUl £_lcui (jJr. i ot-i-Luall 5jji-ki! CiLtj ^j -«Jl tjtULi j-*jj < * II 

LijlSjJI U ■"*' ^ijmj < j^ill »«l" yJ I jj «~ udu L^ . 4j^fc ui -‘■j 

■ (W Jj- * ?) UtPj>4^ * ‘ 

. 4 .ziaWjl Sjl^aJI CiLa.jJ jj-Lt j **»" i CiLjjia-JI 6JJk j* 


(jaUI ^gi oJjaij l V . |j j.. „> . 


| ^jdaJI Cilj^iu 

jj 111 Ciljjiu | 


r*w 


. ajU 

B. subtilis. 
Micrococcus, 

Pseudomonas, 

S. liquefaciens, 
Torula 

j--* 

Bitter 

Pseudomonas syncyanea 

dj’J 

Colifonna 

Stale >1>JI 
Dirty jiill 

P. fluorescent 

B9 

Achromobacter. 

Pseudomonas, 

Geotrichum 

. e^ 1 

Rancid 

Micrococcus flavum 

Sarcina lutea 

^Ai^l 

Candida, 

Torula 

Cf jjLfciJt 

Achromobacter prodigiosum 
Sarcina roeea 

Serrada maicescens 

Torula roeea 

Jgg|||gg|ni 

™H(i 


CM-W ^jl Lfcf 1 .*^ JJ^» J Oljlill 

(^oULj aOLj^JI I 4 |U|I ‘tail <wiJ jjoJ! CJj_9 S' 

. l_jil . 4 J j&j L> iwi^lik. (_f jivj 4 .In.iiVi 

iRobineu 4-iiol a_* UL*. jt . Gas production is •*** 

.Putrefaction jl < Proteolysis ^Ij-A < CjLujj^^jU JI -■ ~ jl 

. ( V-V Jjj _=. ) Lipolysis & Rancidity £jjjj u^aU JUi jl 



































6*111 Jl^*j —»-l' <jj& • v—V Jj- > > 


J—cliifl 6 jt_• 

<ALaJI jj-i'j 


ijjiSyjljld Jia-J 
: cJ jl—& 
COj.H 2 



1 5_i£jjt 

.OjUl 

t $ A _Jl 

O^jAijl I I- .M.S\ 


iuLjS> “<11 J_j*k^~> .ojsli i>— iiLc.'i i 

■ uijpjJij »i « n 

•Jj—* Usjfcj 
<JjaiuS 


OajC_S* JJ-~ 

,oljoi-u ,^1 

, —*a .!j 

liijj 3 ,i **» ■ > * j 
t^-4J >1 6-*^ 


. > \i t * _. *i—5 



Colifornu 

CL butyricum 
Q. periling ens 

Candida 
Torula cremoris 


Alcaligcnes 

viscolactis 

Enterobacter 

aerogenes 

S. cremoris 


Bacillus, c.g. 
B. subtilis 
B. cereus 


Pseudomonas 

Proteus 

S. liquefadens 

Geotrichum 

Penirillium 




Oljli. 6j^* 
Gas production 


E^ 1 Ch® 

(u^) 

Roby or stringy 
milk 


* rl . n . * jjiJl jLu 

Proteolysis 






















^ AV 




: (V-V) Jja_^ 



J_<-' -~.H SjI-. 

i./‘l 4 ~JI 

BBSSB 

CiajjlxJI ^Jli 
^ ■» -■-- H 

jfiiJl £ ji 

.-u‘,|_ SJ1 J1_^ 

iAjjIJI r ^o£jVI 

*l_Jl 

Qostridium, e.g. 

ihtuZjjJI jlaJ 

Putrefaction 

J] . uiij— 
Jl>j— jjj 

■ ub^>*J 

Jrfi- C—u>-^* 

Q. sporogcnes 

l _ r l] o^IJl o-* J 

Jj.j.“.tl> 

<<JjpJl i 4j£jVI 

_-J1 

Achroraobacter 
Pseudomonas 
fluoresce ns 

Candida 

Geotrichum 

Penicillium 

o>_*jJI Jbj 

Lipolysis 

H 


Milk - borne diseases 0 *Uf &>!• 0 -^ ^oi >»$l 


(jl^jj-aJI I t • A « Cilij j^ j * lb jiUI <i>j-ljJ OtS»U-l' 

•» jl • boj^» dj'*?* ) 1 ( A”V Jl>^ ) 

• vjlAh^ 

. jjiJUl SjOu»-» J>£. y-* < blijJI 3>io J^ilj 

























\ A A. 


• (jLutiYl < O^U' ‘ V^- lA ‘*^ LH* J« ~» J^lj — J 5 A—V JjJA. 

. o*j**Jl J 




■Mi 




M 1 -•■Y> ■ < _ >VJ , . 

Streptococcus, e.g. 

u'j^' vU^i 

Mastitis 

^aViB j\ —i-aJL 

S. pyogenes 

cJ— JjJo^Jj j- C. f->.u*i 

Staphylococcus 

aureus 


•u'je^j 1 uL*"Y* tJ" 

I^J_JjjUl JjJ - xJlj 

Mycobacterium 
bo vis 

J_.Jl 

(J j j.L« aJl L^iUfJkVl ■_<*■*'*» 

• O'j—^* 

i • U*"i* 11 ^ 11 . ..j 

O^Y 1 ^ (LW^ ur~) 

Brucella, e.g. 

B. abortus 

B, suis 

B. melitenaia 


X_.j_ij wU+JJj u — 

o' — -“YW 

Coxlella burnetii 

Q u — *■* 

« u'j-e-^ LT-^ v#—*y 

o'—-uYW r* **"*J 

Salmonella, e.g. 

S. enteridilis 

S. typhimurium 

i*i j j iL mil i 





























\ A^ 


jti&t “ oM*' W^jwjlA" 


JJ i (yjj^.nll Jj»LskJ jl uLtt*H ) ( jLxu'jfl jj* (Jiljj V <Jjj— a. 

o»--iV> J1 . 6^1 


•LLo'jFI j| ^■ 

l^imll 

Lh“J-«J! 1 

JJ-ijl u — tk- 

— ^J1 ,j — o. 

Salmonella typhi 

S. paratyphi 



Shigella ipp. 

Entamoeba histolytica 

IjjtjlailjJLlI 

1 «1» -aA t 

; „J 

lj_JjSJI 

Vibrio cholera 

1^ — JJD1 

■ 

Mycobacterium 

tuberculosis 

SB 

(pt. -All) l_._pi.ill 

Corynebacterium 

diphtheriae 


f ^1l ^A-kl ^Jli> 

. jjj — ILs ol-,»L*Xl» 

^.u jVi 11 jLfJlj 

• 0 V ■ , all 

Streptococcus pyogenes 



iJbslUj Jj <j-fc JallT oLjjjiK 

^ majjJl ji | -^ ii *~*i • A*il ^Vi*j jjjJQI 3 jJo (j£. jr^.> 

*.!_«_* VI j < Hepatitis ^aAJI *.‘l fl~ <yi < Adenoviruses 

^ a~> il oLojj^j_s J iY t. LS < JLoJaV I (Ji-Ju L^-j-oj Enteroviruses 

. 4 jr,jLflJI 































(ifW (pjf i-*5 ) -X*Jt Cj 1« « lU~ I) 

tjjjiu ('ll'lj.ll^jj <Ajjj f Oil jjlJl ClLuiluJI JAI f (jilll ■ j3 

• 0 * “V Ju- 1 ?) 4 ?- i L ' ‘ 

< 4_t-^ x*]l ^Ijj i uli **.n~ill aJJk (2>-» <jUj-LIj 

jj-Lc l f» i r> H j * SjImuJI Sjjja. £-• < 


l | Uilil ^oijAl • \ * “ V Jj 




Ijjju oUjUioj 


Ljia cAjIjiuol 


Ljaa uU^ki£i| 


OjX4 CAjIjLo] 


i J-* 

<lLm 




fj'—*- i^j'— 

ftjj I * > Ojl_^vJJ 

Staphylococcus aureus 


: Cy* is-y 1 — c 


Salmonella sp. 


B. cere us 


B. coli 





















£^11) * iiLh-Jl - J^N\ l^qfc,j^J/■» 


\M 


Sweetened condensed milk 


a^J 3^11 a Cj\— -J$» 


1 f > a I jjill (^iil! jt f J-.ISJI (ji HI fjjt AAi ^!uoj 

. gja^oJI £*ljL»yij ' iiUajJI JdjjJu 

a>XaJ ^ N * ” M 4 ■ a,jJ j.lf, ■ I_j!i.lu Loa • (j-uLJI -*• 

jjJl^ak. 4.JU*>Yl j^yuJI I_a t.»Aj |U I CjLjjSjii <j L> lrm a J*i> I < 4 JLjjB J Y * 

/ T C*e»^jJ / (Jloj Y 0 < ^° 0 0 ‘ » a*i^j t XY * 

£jjjj < <—jJx Lulj ^ < /V * ^ t l]l_i *-La_l! 4 -Lujj qJ^-iTi 

Vacuum packaging 

o^j i jLiii >\i~> IIiJj . 11 < l^-lUI Lv0 i ^ 11 la->■11 (J^»Lc. 

< 4_l£. t 4_fiUaj jiAC. I 4_Let_*-A-il Aa_j Jj^lj-ll / ^iAjuaJl / )_>^ -n~i 1 1 aq.1 aK *->r 

. L^illll EJ U. 

(3aU 1 lili LfJ ylll 4 al ^ II jLuiJI ^ 

. Colored buttons ^U...1I (J ic. 4jjla GJ) 

»■■■■! Jai_uaJI (J a -> ~i~i ,^111 < uiLj Li a ll 4 - ^_~i J < t*!Ll u.,lxjj 

I (_yul' it.V OlAjJI i *_i jUa I I ^l^jVI (^r»J j Jj-o * £_OjjjJI 
Altemaria , Aspergillus , Cladosporium , Penicillium 

. at ii all i— JjJt , ol jLc. -Y 

(jj» ^1 jLc. j < jjAS^Ul jS^lu j-tt Al 4 ^ ji' i . iiili 

. co 2 , h 2 

. Coliforihs , Torula ! aI ma 11 Ia_a CjLxx^u* ^-*1 


Dried milk JSl 

^ q‘i ^lu ^iJI i 4 a i ^ all 4jJtVlj JaA •> 11 (J-qLc. j-4 < ‘ ~ H 

Jit (j-« ~ 4JUJI 4 "ill 11 1 IqaTi-ii a ^IaL* “ uuia oil ^aUI jj'iijj . CiLjj^LaaJ) 

. jl. hi o 11 1 _uc>_jjl 1 1 a j‘11 111 i~il 





\ \y 


JioJ ■ <lj_flJ V * AJuJ ^ AO ^ If. i Ijl'■» 1‘t'^ ■*<~ (jjijl jjiju 
4 * i \ l mm iZ)Llilj ln >. » ! jjlt jl j-a^Lj ( ^iill > AtoJ fkJ . J » 6* A_jL» <_lLc1 
‘ f °' * * u-^- J * u>v) f °^ A ^?-jJ 

• cjLx ff ^LIjLA ClLitLtjJl Ou^loj f ^jiJjl < q q *> » JJj 

*■*1 bj t 4~-1^JdjJI djlx] ^LuJ t ^fcjaU «-a ft •> ft I I 6^JI t-JJLi 

. <J_)Jo_>JI i <i'lluj» <JC jl ^-8 , 

AjJjlLI ^Lca < /fl ^j£. i n tt ■j n II (jiUlj <_^jJt»jJI A ■ -■■*» AjjjV 

^-a. / ^if Jjj-fV (jl i AjSjj^VI t!Tjl.A^->l jjJI j . <JLil>VI 

■ t—> A^jjli k.fljl \ * * (jc j i 1 CxjjlJ i_ajt 0 * ^j£ i i ’««-» * ^jjJ 

<La.jJ jjic. i liLaJl All Li. (j-lx. <Jis l -> * 1 1 £ue i <- A A'i .nil Jllio 

aJLdLjlaJI Jjlj tj°i* * II »11-1 Y1J , A Ju \'u Sjlj_i. 

• Lf-a^t 6“* ‘ 


Bacillus , Mi croba clerium , 

Therinoduric micrococci , 

Streptococci & Lactobacilli 

LjjjiC. >*~k W~ Lfj^-S < i a a -i-all <j^-U Lti »ii a I yJI AlLa^L i Ciljjj^xJ! j 
. ■ a a Jill < j^lll l|->rl\rf» ^_S J A. W 11 , A j'l ' 11 1 l~j l r^. ~*1 AI I ' 

j-» cAjj>SL-a J • J < 

. J i